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Abstract 
This thesis reports the effect of cutting understory trees at three sites in the central 
Adirondacks of New York. Felling treatments were applied in 2000 to understory trees (< 5.5 in. 
dbh) using a brushsaw, from May through October. Observations from 2017 indicate that 
understory American beech densities and heights did not differ between treatment and control 
plots. However, densities of beech saplings (1.0 – 5.4 in. dbh) indicate that cutting may have 
reduced beech by 3-fold, while, the cohort directly below (≥ 6 ft. but < 1.0 in.) the sapling layer 
increased 4-fold. Further, treatments did not improve the densities and heights of non-beech 
regeneration. The treatment also showed no effect on richness and the cover of the herbaceous 
layer. Results indicate that mechanical site preparation is not effective for long-term control of 
American beech or for promoting diversity of non-beech species and ground layer vegetation in 
northern hardwood forests.  
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The Problem  
American beech (Fagus grandifolia Ehrh.) is a component of 20 distinct forest types in 
eastern North America south of the boreal forest (Tubbs and Houston 1990), and is dominant in 
three types, including the Sugar Maple-Beech-Yellow Birch type that covers most of central 
New York and the Adirondacks (Eyre 1980). However, due to years of selective logging 
practices that increased residual beech densities, combined with the arrival of beech bark disease 
(BBD), which has caused extensive aboveground mortality and root suckering, American beech 
is the focal point of many and varied direct and cascading ecological effects (Cale et al., 2017) 
within northern hardwood forests.  
The proliferation of beech in forest understories is a result of certain physiological traits. 
While American beech reproduce both sexually via seed, and vegetatively by clonal stump and 
root sprouts (Held 1983; Ostrofsky and McCormack 1986), the species has a relatively low 
reproductive capacity by seed compared to other common species in the temperate forest in 
eastern North America (Caspersen and Saprunoff 2005). Beech trees do not begin to produce 
large amounts of viable seeds until they are 40-50 years old and ~ 8 in. dbh (Tubbs and Houston 
1990; Leak and Graber 1993), and then, seeds are produced irregularly, dispersed poorly (Forcier 
1973; Tubbs and Houston 1990; Caspersen and Saprunoff 2005), and often contain non-viable 
embryos (Keever 1973; Held 1983). Stalter (1982) demonstrated that beech seed germination 
could vary from 0-87% across time and locations throughout its natural range. Additionally, 
seeds and seedlings at the extremes of their geographic range may be more prone to failure due 
to nutrient limitations, length of growing season, browsing, and freeze-thaw events (Held 1983; 





Past studies indicate that beech most commonly regenerate vegetatively (Tubbs and 
Houston 1990; Kochenderfer et al. 2004, 2006; Nyland 2008), assuring that beech will remain in 
the stand regardless of seed success (Held 1983). Vegetative sprouting, occurs early in 
development (Tubbs and Houston 1990), and sprouts exhibit superior growth and survival under 
closed canopies relative to seedlings (Gardner and Mangel 1999). Vegetative sprouts develop 
from dormant buds, or from callus tissue that forms following injury due to scraping and cutting 
(Bohn 2001; Jones and Raynal 1988), freeze-thaw action (Held 1983; Jones and Raynal 1986; 
Tubbs and Houston 1990), and fire (McGee et al. 1995), or damage from harvesting equipment 
(Houston 1975; Houston and Houston 1987; Nyland et al. 2006b; Farrar and Ostrosky 2006). In 
addition to injury, root sprouting is stimulated by BBD (Houston et al. 2005; Koch and Carey 
2005; Nyland et al. 2006b; Morin et al. 2007; Nyland 2008; Giencke et al. 2014). Root sprouts 
are initially supported by resources supplied by the parent tree, but then eventually become 
independent (Jones and Raynal 1988). Jones and Raynal (1986) documented that most sprouts 
occur within 25 to 30 ft. from a parent tree, and numbers decline exponentially beyond 35 ft. 
from the tree. Since suckers rely on parent trees to supply nutrients, beech sprouts develop near 
the parent tree and therefore, a clone may spread only gradually into unoccupied parts of a stand 
(Bohn and Nyland 2003). Conversely, Giencke et al. (2014), found that clustering of saplings 
extended 10 to 13 ft. from highly diseased or dead trees, suggesting seed origin as the driver for 
thicket formation.  
Beech Bark Disease occurs when the bark of American beech becomes infested by the 
scale insect (Cryptococcus fagisuga Lind.), followed by a subsequent infection of the tree with 
the fungi Neonectria ditissima and or N. faginata (Houston 1975; Houston et al. 1979;Castlebury 




American beech, reduced but persistent infestations are common within aftermath forests (Shigo 
1972; Houston 1975; Cale et al.2015). More recently, Cale et al. (2015) demonstrated that the 
density C. fagisuga may not be the sole predisposing factor for new Neonectria spp. infections in 
aftermath forests. Their research indicates that low bark phosphorus (P) increases the odds of 
infection (both pathogens) resulting in higher chance of infection. The fungus eventually 
becomes established within the phloem and causes cankers that lead to reduced radial growth, 
leaf chlorosis, crown dieback and eventual death from girdling (Shigo 1972; Gavin and Peart 
1993; Houston 1994; Cale et al. 2013; Cale et al. 2015). Although the disease can kill mature 
trees in less than two years, many individuals persist in a diseased state for several decades 
(Houston 1975; Cale et al. 2015). 
Over a century has passed since BBD was first introduced to North America, and its 
persistence in northeastern forests has resulted in substantial changes to forest composition, 
structure and function (Morin et al. 2007; Cale et al. 2017). BBD occurs in three phases, as 
described by Shigo (1972); advance front, killing front, and aftermath stage. The advance front 
refers to stands where the scale is present, but the Neonectria fungus has not yet infected the 
trees. This stage may last for several years, before exhibiting rapid growth of beech scale 
(Houston et al. 2005). The killing front is characterized by high infection of Neonectria and 
extensive aboveground beech mortality. Stands in the aftermath stage are characterized by 
reduced levels of beech scale, persistent Neonectria infection, and aboveground beech mortality. 
As mature trees succumb to beech bark disease, vegetative regeneration is induced via root 
suckering (Garnas et al. 2011; Houston 1975; Cale et al. 2013, 2017). This physiological 
response results in dense thickets that dominate the understory and reduce light, nutrient and 




and interfering with natural regeneration of other tree species (Bohn and Nyland 2003; Garnas et 
al. 2011; Cale et al. 2013). Within the 888,000-mi.2 range of beech, large trees (>35 in. dbh) 
have declined from 30 individuals per mi.2 to being virtually absent. The loss of large-diameter 
beech, along with concomitant, > 350% increase in small beech stem density has resulted in 
reduced overall mean diameter of beech; however this has not reduced the average basal area of 
beech (Garnas et al. 2011).  
Understory herbaceous plants make up the majority of species richness within temperate 
forests, and fulfill specific ecological functions, such as contributing to total primary 
productivity, nutrient cycling, food web interactions and carbon sequestration (Gilliam 2007). 
Beech thickets have been shown to alter herbaceous biodiversity in northern hardwood forests 
(Forrester and Bohn 2007; Cale et al. 2013), and may negatively impact plant and animal 
communities. Additionally, while desirable canopy species, such as sugar maple (Acer 
saccharum Marsh.), yellow birch (Betula allegheniensis Britton), white ash (Fraxinus americana 
L.), red spruce (Picea rubens Sarg.), and eastern hemlock (Tsuga canadensis L.) persist in the 
canopy of northern hardwood forests. These species are not regenerating due, in part, to the 
dense interference by sub-canopy beech (Bohn and Nyland 2003). As the forest ages and non-
beech canopy trees begin to senesce, smaller gaps are almost always filled by either adjacent 
beech seedlings, root suckers or stump sprouts (Canham 1985; Canham 1990; Tubbs and 
Houston 1990; Bohn and Nyland 2003; Giencke et al. 2014).  
Forest understory dominance by beech is particularly prevalent in uneven-aged selection 
systems, where low light levels prevent regeneration of most species from advancing to larger 
size classes (Bohn and Nyland 2003). Uneven-aged silvicultural systems tend to promote shade-




2016). This occurs because of the structural characteristics of uneven-aged stands and the 
methods used to tend and regenerate them. By definition, uneven-aged stands consist of at least 
three age classes, with each at a different stage of development (Nyland 2016). In balanced 
stands, each age class occupies an equal proportion of horizontal crown area within the stand 
(Nyland 2016). These systems require a different approach used with even-aged systems. First, 
stocking of immature diameter classes is targeted (tending) and removed, followed by the 
removal of large mature age classes via regeneration methods at the end of a rotation (Nyland 
2016). Historically, foresters recognize two distinct regeneration methods under the selection 
system. These differ in the spatial distribution of mature trees removed, and the distribution of 
regeneration that results (Nyland 2016).  
Single-tree selection, removes individual trees of all sizes throughout the stand, creating 
discontinuous openings (Nyland 2016). The regeneration openings created from this method 
cover an area equivalent to the crown spread of a single mature tree. Due to the intermixing of 
age classes, mid-canopy trees tend to intercept sunlight passing through gaps while lower canopy 
trees receive limited direct sunlight. While the single-tree method creates vertical structure 
throughout the stand, it maintains relatively high levels of shade in the understory (Nyland 
2016), thereby favoring shade-tolerant species among the regeneration (Leak et al. 2014). 
Conversely, group and patch selection systems create multiple-tree gaps that can enhance the 
regeneration of less shade-tolerant species.  
Unlike other shade-tolerant species (e.g. sugar maple), beech sapling height growth can 
increase significantly when exposed to only an additional 1-4% increase in light beneath small 
canopy gaps (Canham 1988, 1990; Poulson and Platt 1996). Canham (1988) reported that beech 




species (e.g., sugar maple), suggesting lower light requirements for growth. Due to its high 
threshold of shade-tolerance, American beech can persist in low light levels and small gaps for 
several decades, and survive and develop better than other shade-tolerant (e.g. sugar maple) and 
intolerant species (i.e. yellow birch) (Canham 1990; Tubbs and Houston 1990; Bohn and Nyland 
2003). Piussi (1966) demonstrated that in the shaded understory, beech became predominant 
following selection cutting in uneven-aged stands, and that in turn reduces diversity within the 
younger age classes (Nyland et al. 2006b). This shift in dominance has had several ecological 
and economic consequences.  
Management of Understory American Beech  
Biodiversity is viewed as an indicator of ecosystem health and its maintenance has 
become an important aspect of forest management (Horsley 1994).  Site preparation has been 
recommended by forest managers in conjunction with regeneration method cuttings to increase 
biodiversity and maintain forest health. When undesirable woody plants (e.g., beech) have grown 
taller than advance seedlings of other species (Nyland et al. 2006), site preparation methods are 
necessary to eliminate undesirable vegetation from the understory prior to regeneration method 
cutting treatments (Sage 1987; Horsley 1994). But site preparation efforts are usually applied at a 
high cost to the landowner (Kelty and Nyland 1981; Bohn and Nyland 2003). Various site 
preparation methods are based upon factors such as location, size of treatment area, and 
landowner objectives.  
Herbicide Application  
Managers have the option of using herbicides to control interfering vegetation. 




Through these methods, landowners and managers can increase light levels and other site 
resources for regeneration. Four commonly used methods include foliar spraying (low pressure 
backpack or mistblowing), basal spraying, cut-stump applications and hack and squirt (Nyland et 
al. 2006b). The success of an herbicide treatment is influenced by several factors, including type 
of herbicide used, application rate, timing of the treatment during the growing season, and size of 
treatment area. The density and size of advance regeneration will determine the most efficient 
method (Nyland et al. 2006b). 
Broadcast Methods  
Aerial application is the most common broadcast method used for spraying large areas of 
unwanted vegetation (Nyland 2016). Granular herbicides administered directly to the soil using 
broadcast application have also shown success (Shepard et al. 2004). However, broadcast 
spraying can lead to damage of non-target desirable hardwood species (Ferrell et al. 2006). Foliar 
applications utilizes herbicide/water solution and or emulsion of compounds with products such 
as glyphosate, imazapyr, picloram, triclopyr, dicamba, metsulfuron methyl, fosamine or 
sulfometuron methyl directly on the leaves of target plants at relatively low volumes per area 
(Horsley 1981; Sage 1987; Nyland et al. 2006b). This technique can be highly effective on 
smaller trees and saplings ≤ 8 ft. (Ferrell et al. 2006), however full control with foliar application 
can be difficult due to the fact that complete coverage of all foliage is required.  
Stands characterized by a few large-diameter beech and a high amount of small-diameter 
beech often have histories of harvesting or high mortality from BBD (Smallidge and Nyland 
2009). When stems exceed 1000 trees ac.-1  and are < 2.0 in. dbh and < 20 ft. tall (Zedaker 1986) 




foliar treatments either by backpack spray tanks or skidder mounted mist blowers are 
recommended (Smallidge and Nyland 2009). Glyphosate concentrate diluted in water has been 
shown to effectively control beech up to 6 ft. tall (Horsley and Bjorkbom 1983). Further, Horsley 
and Bjorkbom demonstrated the optimal timeframes for effective control of striped maple (early 
August through mid-September) and beech (early August through early October) for stems up 6 
ft. tall. This is consistent with other studies demonstrating that summer applications have 
generally provided best results for backpack spraying and mistblowing (McCormack and 
Newton 1980; Ostrofsky and McCormick 1986; Sage 1987; Horsley 1990).  
 Individual Stem Treatments  
Individual stem treatments are target-specific and suitable for use in steep topography by 
nonindustrial landowners. They provide a flexible tool that land managers can use to accomplish 
a variety of vegetation management objectives (Kochenderfer et al. 2004). These methods are 
best for trees > 1 in. dbh, when stems are ≤ 400-500 trees ac.-1 (Sage 1987). Commonly used 
herbicide solutions or emulsions include picloram, triclopyr, imazapyr and glyphosate (Sage 
1987; Kochenderfer et al. 2004, 2012). Techniques include basal spraying, cut-stump 
application, and hack and squirt. Basal application combines herbicides with an oil penetrant and 
is applied directly to the bark of trees ≤ 6 in. dbh. Complete coverage of the tree base is required 
for the method to be effective. Basal applications can be made any time of the year, but 
effectiveness may decline during peak sap flow (Ferrell et al. 2006). The cut stump method is 
used on trees ≥ 3 in. dbh to control sprouting. This technique requires immediate application of 
an herbicide directly to the freshly cut surface to allow for absorption (Ferrell et al. 2006). The 
hack and squirt or stem injection method is ideal for control of large trees ≥ 6 in. dbh that cannot 




hatchet to make several angled cuts into the sapwood around the circumference of the tree. These 
cuts create a cup for 0.5 to 1.0 ml of herbicide solution to be applied. 
Individual stem treatments (hack and squirt, stem injection and or basal spray) have 
proven more economically attractive (Kochenderfer et al. 2004) than foliar treatments in stands 
characterized by intermediate sized beech (1.1-8.0 in. dbh), and densities up to ≤ 400 trees ac.-1 
(Sage 1987). Herbicides with active ingredients such as glyphostate as Accord® at 50% 
(Kochenderfer et al. 2001, 2004, 2006; Mallet 2002) or Glypro® Plus (Kochenderfer and 
Kochenderfer 2008) have demonstrated 100% control of beech sprouting on trees ≥ 6 in. dbh 
using hack-and-squirt methods, while basal spraying is most effective on beech up to 4 to 6 in. 
dbh (Sage 1987; Kochenderfer et al. 2001, 2004; Mallet 2002).  
In areas with large diameter beech (≥ 8 in. dbh) and dense beech understories, root 
interconnectivity will likely be very high (Smallidge and Nyland 2009). In these areas, cut stump 
and stem injection methods can be very effective due to the level of root interestedness and the 
translocation capabilities of certain herbicides. A major advantage for land managers and 
nonindustrial landowners in these types of stands is the added benefit of controlling the small 
untreated beech stems. Abrahamson (1983) and Kochenderfer et al. (2004) found that stem 
injection of glyphosate at 50% active ingredient into larger diameter beech (≥ 6 in. dbh) resulted 
in more than 90% sucker mortality and control of surrounding suckers. 
Management Considerations 
Chemical site preparation in conjunction with an even-aged regeneration method cutting 
has been successfully applied to regenerate desirable species (Kelty and Nyland 1981; Ostrofsky 




reported that broadcast mistblowing of 2, 4, 5-T, before shelterwood seed cutting in Adirondacks 
minimized densities of beech regeneration. Horsley (1994) demonstrated sufficient control of 
striped maple and beech using a Roundup®-shelterwood method to facilitate establishment of 
desirable herbaceous and woody species. In that study, 1 lb. ac.-1 active ingredient of Roundup® 
in 25 gal. of herbicide mix was applied using an air-blast sprayer mounted on a tractor, and 
resulted in a 16% reduction of understory beech and striped maple for seven years. This 
application was not only successful in controlling interfering vegetation, but also in creating a 
more diverse combination of desirable woody and herbaceous species. Ostrofsky and 
McCormack (1986) also demonstrated effective control and reduction of beech understory using 
an herbicide-shelterwood method. They found that mistblowing both Garlon™ 3A at a rate of 
1.2 lb. ac.-1, and Roundup® at a rate of 1.8 lb. ac.-1 on diseased beech stems of ≥3.0-in. dbh, 
reduced beech saplings by 93% and diseased overstory trees by 87%. 
Though successful reductions in understory beech and other interfering vegetation have 
resulted from herbicide use, objections surround their application, largely due to potential 
toxicity to non-target organism, primarily humans, pets, livestock, and wildlife (Guynn et al. 
2004; Tatum 2004). Due to economic considerations, local/regional laws and regulations, and 
increased societal reluctance towards chemicals applications (Buse et al. 1995; Wagner et al. 
1998; Kochenderfer et al.  2006) private landowners, government agencies, and conservation 
organizations are seeking alternative non-chemical methods. These could include alternative 






Mechanical Applications  
Mechanical understory removal offers an alternative to facilitate natural regeneration of 
desirable hardwood tree species and promote vascular plant diversity without the use of 
chemicals. The equipment used depends on the size of the trees and of the area being treated. 
Handsaws, brushsaws, chainsaws and larger equipment such as mechanized feller-buncher have 
all been proven/suggested for removing interfering beech (Nyland et al. 2006b). Although it has 
been proposed as an effective tool for reducing understory beech density, mechanical removal is 
time consuming, labor intensive and expensive (Bell et al. 1997). 
Silvicultural Treatments  
Certain silvicultural techniques have been suggested for reducing beech dominance while 
commercially harvesting or salvaging valuable timber. Group and patch cutting selection systems 
are uneven-aged techniques that have been found to increase desired shade-intolerant species like 
yellow birch. Leak (2003) demonstrated that forty-seven years after cutting ten half-ac. patches 
in a 70-yr-old, 60-ac. stand, basal area averaged 64 ft.2 ac.-1, with 26 % in beech and more than 
50% yellow birch. Even-aged techniques such as strip or block clearcutting can be used to reduce 
beech dominance while commercially harvesting or salvaging valuable timber. Clearcutting is an 
attractive silvicultural method for forest managers, when an abundant and well developed cohort 
of advance regeneration of 5,000 trees ac.-1 at least 2-4 ft. tall of desirable species is present 
(Jacobs 1974; Walters and Nyland 1989). Not only is it economical, but it favors development of 
new stands with high proportions of commercially desirable species, such as birch and maple 
(Hornbeck et al. 1987). Heavier cuts increase light availability, favoring greater proportions of 




reproduction, but can affect the composition of a new cohort (Blum and Filip 1963).  However, 
when little to no advance regeneration is present in the understory, the shelterwood method is 
used to provide seed and shelter. 
Clearcutting in strips leaves residual uncut intervening strips as a source of seed and 
shade (Allison et al. 2003). If the cut strips are wide enough (50 to 100 ft.), portions of the strips 
will be sufficiently bright enough for both shade-intermediate and shade-intolerant species to 
become established (Leak et al. 1969). Bicknell (1982) demonstrated that strip cuts provided 
enough light for shade-intolerant species (e.g., yellow birch and pin cherry) to develop and grow 
faster than shade-tolerant species (e.g., beech and sugar maple). Tubbs and Houston (1990) 
found that beech reproduction tends to grow more slowly in clearcuts compared to other 
hardwood species. Past studies indicate that beech grows significantly larger in light levels 
ranging from 13% to 45% than in full sunlight (100%) (Rushmore 1961). Beech seedlings grown 
in full light were found to have smaller leaf area, shorter height, and lower root/shoot ratio 
(Rushmore 1961; Logan 1973). At high light levels, if beech, sugar maple, yellow birch, and 
white ash seedlings become established at the same time, non-beech species will likely outgrow 
most beech by the end of one decade, and be taller than even the largest beech by 20 years 
(Nyland et al. 2004).  
To help minimize the degree of damage to beech root systems that may cause root 
suckering/sprouting, land managers can control the timing of harvest, the type of harvesting 
operation and/or the methods for removing the lumber. Studies demonstrate that damage to roots 
during harvesting and salvage cuts can promote dense clonal thickets of understory beech stems 
(Houston 1975; Houston and Houston 1987, McCullough et al. 2005). The new suckers and 




and growth (Nyland et al. 2006b). By entering the stand during winter months when the ground 
is frozen and snow-covered, damage to the root systems can be reduced (Houston 2001). 
Conversely, Farrar and Ostrofsky (2006) demonstrated that although winter cuts initially cause 
the least sprouting overall compared to summer cuts, winter cuts eventually have highest sprout 
survival 10 years following harvest treatments, possibly due to higher root reserves during 
dormant season.  
Although appropriately applied silvicultural techniques may have potential to reduce 
relative beech abundance, some land owners and managers who choose to apply various forms of 
partial cutting in order to maintain continuous canopy cover, or who are restricted by local 
regulations from applying certain even-aged treatments, would benefit from alternative methods 
for reducing beech understories. Yet, depending on size and density of beech advance 
regeneration, partial cutting strategies coupled with targeted mechanical beech removal may 
reduce understory beech abundance, while maintaining desired forest structure (Mallet 2002; 
Forrester and Bohn 2007; Nyland et al. 2006b). 
Hand-held Cutting  
Mechanical methods are not widely used or extensively studied for controlling understory 
interference (Nyland et al. 2006b). Many hand-held mechanical treatments are restricted to small 
stands where interfering vegetation is limiting survival and growth of other species. For many 
nonindustrial landowners with stands containing ≤ 400 trees ac.-1 (Sage 1987), and who do not 
have access to mechanized cutting equipment, simple girdling can be done with handheld tools. 
To properly girdle a tree, the cut must completely sever the phloem around the entire 




the crown, but translocation of photosynthate to the roots will cease and root carbohydrate 
reserves eventually become depleted. Nyland (2004) observed success in controlling beech with 
this method. Trees were girdled using either a sharp hatchet to shave off a 1 ft. band of bark, or a 
folding saw to make two cuts that encircled the tree. Results showed that both methods killed 
trees ≥3 in. dbh within the first growing season, and larger trees within three years. Altogether, 
only two of the 50 treated trees sprouted below the girdle, and at least one sprout survived 
through the third year on only one of the trees. Conversely, Abrahamson (1983) found that 
girdling with a chainsaw at 3-5 ft. on trees ≥3 in. dbh only killed 9% of the treated beech one 
year after, and triggered high rates of stump sprouting.  Another method that small nonindustrial 
landowners can implement to control interfering beech is high stump shearing. Nyland and 
Kiernan (2017) demonstrated that by cutting beech stems at 2-3 ft. tall, but below the lowest live 
branch, resulted in high mortality. Of stumps cut below the lowest living branch and that initially 
sprouted, only 7% had a live sprout by the sixth year.   
Another technique that small landowners can use to limit beech dominance is cutting 
single stems with a brush saw. Early results suggest in closed canopy stands of mature trees, 
brushsaw clearing of all understory seedlings and beech saplings can offer control of stump 
sprouting and suckering (Mallet 2002) and increase the development of desirable advance 
hardwood seedlings beneath the overstory. Forrester and Bohn (2007) reevaluated this study 
three-year post-treatment and found a slight increase in density of desirable woody and 
herbaceous cover, however beech densities had also increased. Although this technique has had 
some success, this method can become costly when stems densities are >400 trees ac. -1 and ≤ 5.5 




Stump height may also play a large role in control of interfering vegetation. Bell et al. 
(1999), demonstrated that cutting height influenced apical dominance and the type of vegetative 
growth. They found that increasing the cutting height decreased sucker production of deciduous 
trees. Conversely, Jobidon (1997) found that low cuts for striped maple were significantly 
associated with a low percentage of stump sprouts. The proportion of stumps with sprouts ranged 
from 31% for 0-in. cut height and 71% for 2.5 ft. cut height. Jobidon (1997) recommends a cut 
height of 6 in. from the ground for various hardwood species. At this height, the occurrence of 
stumps with sprouts is minimized over a 10-year period. Harrington (1984) also concluded low 
stump cuts (4 in.) with red alder, which are prone to root suckering. Additionally, Harrington 
recommended making level cuts (to increase decay) during the growing season (when root 
carbohydrate levels are low) on older trees (sprout vigor decreases with age). This practice could 
be used on beech, and potentially help decrease sprouting. 
Past studies indicate that cutting at different times within the growing season will result 
in large differences in stored root reserves (Harrington 1984). Hardwood tree species have a 
maximum stored reserve of carbohydrates in their roots in late fall and early winter. These 
reserves may increase survival of sprouts that depend on parent trees for nutrients if parent trees 
are cut during late fall or winter (Taiz and Zeiger 2002). Past studies have shown that cutting 
after leaf flush, as opposed to during the dormant season, reduces sprouting in alder, aspen, 
birch, cherry, dogwood, and maple (Harrington 1984; Kays and Canham 1991; Bell et al. 1999). 
Further, Farrar and Ostrofsky (2006) found that 10 years after cutting, survival of beech root 
sprouts ranged from 23% around cut trees after summer clearcuts, to a high of 49% around felled 
trees in winter partial cuts. Mallet (2002) showed that, where canopy stems were retained, 




May, June, and September treatments 1 year after treatment. Kays and Canham (1991) 
demonstrated that to attain minimal beech sprouting, cuts should be conducted well after the 
initiation of shoot growth in the spring, but before the cessation of aboveground growth later in 
summer. Therefore, it seems logical that timing the treatments when root reserves are low (such 
as (a) after shoot elongation or (b) after mid-summer growth, but before onset of dormancy, may 
reduce beech root suckering).   
Deer density control  
 Managers should not disregard the possible impacts of white-tailed deer (Odocoileus 
virginianus) on regeneration in northern hardwood stands (Nyland et al. 2006b). In regions of 
high deer density, beech may be favored by intense browsing of other more desirable species 
(Tilghman 1989). Where deer densities exceed carrying capacities, regeneration of desirable 
hardwoods is restricted (Marquis and Brennenman 1981). Horsley et al. (2003) showed at high 
densities: (1) deer can have significant effects on species composition; (2) these effects are linear 
with increasing populations; and (3) many of the effects accumulate over time. This can result in 
the reduction in abundance and height of non-beech regeneration and contribute to a buildup of 
understory beech in some regions (Tierson et al. 1966; Richards and Farnsworth 1971; Marquis 
and Brenneman 1981; Tilghman 1989; Horsley et al. 2003). Plots inside deer enclosures erected 
between 10 and 13 years after cutting were dominated by sugar maple, yellow birch, and white 
ash seedlings taller than 1-ft.; while, plots outside the enclosure had beech and hobblebush of 
comparable size (Curtis and Rushmore 1958). Jones et al. (1989) also found that in areas of high 




In northern hardwoods in central New York, areas where deer densities are greater than 2 
mi.-² (Behrend and Patric 1969; Sage et al. 2003) require deer control is required to regenerate 
desirable species. Kelty and Nyland (1981) demonstrated successful shelterwood cutting only 
after reducing antlerless deer densities and controlling understory beech through mistblowing of 
herbicide. Cutting without these two treatments resulted in a predominance of beech 
regeneration. Sage et al. (2003) also recommended reducing deer populations through hunting 
antlerless deer to protect regeneration. When paired with an appropriate silvicultural method, 
landowners/managers can successfully regenerate desirable commercial species (Kelty and 
Nyland 1981, Sage et al. 2003).  
Summary  
Historically, American beech has been a dominant canopy species in northern hardwood 
forests and an important source of hard mast for wildlife. However, over the past century 
American beech has been reduced in dominance as an overstory tree, and increased in the 
understory due to years of selective logging practices, effects of beech bark disease, and over-
browsing by deer. Today, vast areas of both managed and unmanaged northern hardwood forest 
on public and private lands within the Adirondacks possess dense beech-dominated understories 
of saplings and small trees. Due to its shade tolerance and ability to sprout vegetatively from 
roots, beech can thrive in the understory, creating thickets that reduce light, nutrients, and water 
availability for other understory plant species, thus diminishing herbaceous plant cover, and 
natural regeneration of other tree species. 
Silvicultural prescriptions that significantly expose the understory to high amounts of 
light and control understory beech offer promise for the rehabilitation of these stands. However, 




treatments have been effectively used to control understory beech, however, public opinion of 
chemical treatments has landowners and conservation organizations seeking alternative non-
chemical methods. Mechanical removal provides landowners and conservation organizations an 
alternative to facilitate natural regeneration of desirable hardwood tree species and vascular plant 

































LONG-TERM RESPONSES OF HERBACEOUS AND SAPLING STRATA TO 
















American beech (Fagus grandifolia Ehrh.) is a component of 20 distinct forest types in 
eastern North America south of the boreal forest (Tubbs and Houston 1990), and is dominant in 
three types, including the Sugar Maple-Beech-Yellow Birch type that covers most of central 
New York and the Adirondacks (Eyre 1980). However, years of selective logging practices that 
increased residual beech densities, combined with the low browsing pressure from white-tailed 
deer (Odocoileus virginianus), and the arrival of beech bark disease (BBD), American beech is 
the focal point of many and varied direct and cascading ecological effects within northern 
hardwood forests (Cale et al. 2017). During the past century, beech has shifted its dominance 
from the overstory to the understory, and when it establishes as a recalcitrant (homogenized) 
understory (Royo and Carson 2006) it inhibits regeneration of desirable hardwood species and 
decreases herbaceous diversity. 
Beech bark disease has been affecting densities and diameter distributions of American 
beech throughout northeastern North America since the introduction of beech scale (C. fagisuga) 
to Nova Scotia circa 1890 (Ehrlich 1934; Houston 1975). Once established, the disease spread 
rapidly through the forests due to the high abundance of residual beech that remained after years 
of selective harvests that removed other desirable species (Shigo 1972). The advancing disease 
spread westward and southward infecting areas of eastern Canada and northeastern United States 
(Burns and Houston 1987; Houston 1998). By the early-mid 1970’s the disease had reached New 
York and swept through the central Adirondack region leaving behind large stands of diseased 




Although the disease can kill mature trees in less than two years, many individuals persist 
in a diseased state for several decades (Houston 1975; Cale et al. 2013). As mature trees 
succumb to the infection, vegetative regeneration is induced via root suckering (Houston 1975; 
Garnas et al. 2011a; Cale et al. 2013, 17; Giencke et al. 2014). This physiological response 
results in dense clonal thickets of trees no larger than 12 in. diameter at breast height (Houston 
1975) that dominate the understory and reduce light, nutrient and water availability for other 
understory plant species, thus, diminishing herbaceous plant cover, and interfering with natural 
regeneration of other tree species (Bohn and Nyland 2003; Royo and Carson 2006; Nyland et al. 
2006a; Garnas et al. 2011; Cale et al. 2013; 2017). 
Understory herbaceous plants make up the majority of species richness within temperate 
forests, and fulfill specific ecological functions such as contributing to total primary productivity, 
nutrient cycling, food web interactions and carbon sequestration (Gilliam 2007). Beech thickets 
have been shown to alter herbaceous biodiversity in northern hardwood forests (Jakubas et al. 
2005; Forrester and Bohn 2007; Cale et al. 2013, 14). While other species, such as sugar maple 
(Acer saccharum Marsh.), yellow birch (Betula allegheniensis Britton), white ash (Fraxinus 
americana L.), red spruce (Picea rubens Sarg.), and eastern hemlock (Tsuga canadensis L.), 
persist in the canopies of northern hardwood forests, these species are not regenerating due, in 
part, to the dense interference of sub-canopy beech (Bohn and Nyland 2003). As the forest ages 
and non-beech canopy trees begin to senesce, smaller gaps are almost always filled by either 
adjacent beech seedlings, root suckers or stump sprouts (Canham 1985, 1990; Tubbs and 
Houston 1990; Bohn and Nyland 2003; Giencke et al 2014).  
 This is particularly true in uneven-aged selection systems, where low light levels prevent 




Uneven-aged techniques have been shown to promote high proportions of shade-tolerant species, 
such as American beech, striped maple, and a few fern species (Leak et al. 1987; Nyland 1996). 
Uneven-aged stands are more suitable for beech development due to its extreme shade tolerance 
and ability to regenerate vegetatively (Burns and Houston 1987). Beech grows faster than other 
species in the shaded understory, and can withstand long periods of suppression (Canham 1990; 
Tubbs and Houston 1990; Bohn and Nyland 2003).  
Once beech becomes established in the understory, almost any overstory cutting will lead 
to the development of dense stands of beech from root sprouts and seedlings (Kelty and Nyland 
1981; Ostrofsky and McCormack 1986; Jones et al. 1989; Houston 1998; Nyland et al. 2006b). 
In this situation, silvicultural prescriptions that control understory beech offer promise for the 
rehabilitation of these stands. Site preparation in conjunction with regeneration method cutting 
can increase biodiversity and maintain forest health (Tierson 1967; Kelty and Nyland 1981; 
Burns and Houston 1987; Horsley 1994). When interfering woody plants (i.e. beech) have grown 
taller than advance seedlings of other species (Nyland et al. 2006b), site preparation to eliminate 
undesirables from the understory has been an effective tool (Sage 1987; Horsley 1994), but at a 
high cost to the landowner (Kelty and Nyland 1981; Bohn and Nyland 2003; Kochenderfer et al. 
2004).  
Herbicide treatments have been used effectively to reduce understory beech density prior 
to overstory cuttings in northern hardwoods (Kelty and Nyland 1981; Ostrofsky and McCormack 
1986; Burns and Houston 1987; Horsley 1994). However, due to economic considerations and 
increased societal reluctance towards chemicals applications (Buse et al. 1995; Wagner et al. 
1998; Kochenderfer et al.  2006), private landowners, government agencies, and conservation 




managers and ecologists for the need to reduce beech dominance in northern hardwood stands, 
and the emerging understanding of the need for reiterative beech removals to improve understory 
conditions, it has become prudent to now develop and test more cost-effective mechanical 
methods that land owners and managers may use to rehabilitate beech-dominated stands. 
Past studies indicate that cutting most hardwood species at different times during the 
growing season will influence the degree of suckering due to large differences in stored 
carbohydrate root reserves (Harrington 1984; Taiz and Zeiger 2002). Hardwood tree species 
have a maximum stored reserve of carbohydrates in their roots in late fall and early winter. 
Studies have shown that cutting after leaf flush, as opposed to during the dormant season reduces 
sprouting in alder, aspen, birch, cherry, dogwood, and maple (Harrington 1984; Kays and 
Canham 1991; Bell et al. 1999). Therefore, it seems logical that timing the treatments when root 
reserves are low (such as (a) after shoot elongation or (b) after mid-summer growth, but before 
onset of dormancy) may reduce beech root suckering. 
In 2000, observations of SUNY College of Environmental Science and Forestry at Archer 
and Anna Huntington Wildlife Forest (HWF) within the central Adirondack region of New York 
showed dense beech thickets within the understory and sub-canopy of many hardwood stands, 
resulting in an absence or scarcity of advance seedlings for non-beech species. Based on these 
observations, an experiment testing the impact of seasonal timing of cutting on dense understory 
beech thickets was tested in hopes of controlling the development of beech thickets. Mallet 
(2002) evaluated the timing of mechanical removal of beech using a brush saw to cut all 
understory seedling and saplings ≤5.5 in. dbh. One-year results suggested that cutting during July 
and August resulted in fewer beech sprouts than cutting at earlier or later dates. Additionally, 




beech woody stem densities were greater in treated areas than in untreated areas three years after 
the understory cutting. Although these early results indicate potential for meeting management 
objectives through mechanical understory beech removal, the long-term effects of these 
treatments remain unknown, and in general, past investigation of mechanical removal or 
chemical control have not followed outcomes beyond five years.  
The goal of this research was to assess the long-term (17 years) effects of timing on hand-
held mechanical understory removal of all stems (< 5.5 in. dbh). Specifically, the objectives were 
to determine if timing of mechanical understory removal: 
1. reduced long-term density of understory beech;  
2. increased long-term density of desirable non-beech hardwood regeneration; and  
3. increased herbaceous vascular plant species richness and cover.  
 
METHODS 
This thesis reports the long-term vegetation responses to cutting understory trees (< 5.5 
in. dbh) at three sites in the central Adirondacks of New York. Mallet (2002) reported the pre-
treatment woody conditions, while Forrester and Bohn (2007) documented pre-treatment 
abundance and diversity of herbaceous vegetation. This thesis reports on the status of beech and 
non-beech regeneration, and herbaceous vegetation abundance and diversity 17 years after the 







Table 1: Plot establishment and sampling schedules for understory removal plots, 2000-2017.  
2000  Plots selected, and initial survey conducted of woody species by height class on 
milacres and 6-ft. radius plots, and herbaceous cover by species on 20 1-m2 sub-
plots. All hardwood stems <5.5 in. dbh cut on treatment plots.  
2005 Prolonged hot and dry weather resulted in wide-spread mortality of non-beech 
advance seedlings by early August. Only the Catlin Lake plots inventoried prior to 
those losses. Post-mortality inventory indicated beech root suckers remained alive.  
 
2006  Woody regeneration inventory on all milacres. Catlin Lake data divided into three 
height classes. Data from the other two sites still split into five height classes. 
Control plots added to Catlin Lake.  
2017 Final inventory included a complete survey of woody species by height class on 
milacres and 6-ft. radius plots; and woody and herbaceous cover on 1-m2 subplots. 
Canopy cover, ground light levels, soil pH measurements were taken at each plot.  
 
This research was conducted at the SUNY ESF Archer and Anna Huntington Wildlife 
Forest (HWF) and nearby industrial forestland currently managed by F&W Forestry. Both 
properties lie within the central Adirondack region of New York. This region of New York has a 
humid continental climate with a mean annual temperature of 41.5°F (Northeast Regional 
Climate Center 2017), and with dormant and growing season temperatures averaging 23.7°F and 
62.2°F, respectively. It receives on average 42.5 in. of precipitation annually including 80-120 
in. as snow, and averages 100-200 frost-free days per year (Northeast Regional Climate Center 
2017).   
The study area is mountainous with elevations ranging from approximately 1560 to 2870 
ft. above sea level (Somers 1986). Regional upland soils developed both residually as well as 
through alluvial and colluvial deposits (Somers 1986). They have been classified into three 
distinct orders: Spodosols, Histosols, and Inceptisols, with Spodosols covering the majority of 




Turnbridge and Becket (Typic Haplorthods); Waumbek, Peru and Skerry (Aquic Haplorthods); 
Lyman (Lithic Haplorthods); and Rawsonville (Typic Haplohumods) (Somer 1986). Others 
occur to a lesser degree. These are well-drained soils derived from glacial till that typically are 
relatively infertile and acidic (pH ≤ 4.5) (USDA 2018).   
The central Adirondacks falls within the transition zone between the Maple-Beech-Birch 
northern hardwood forest type and the boreal Spruce-Fir forest type (Eyre 1980).  Common tree 
species on upland sites include American beech (Fagus grandifolia Ehrh.), sugar maple (Acer 
saccharum Marsh.), red maple (Acer rubrum L.), yellow birch (Betula alleghaniensis Britton), 
white birch (Betula papyrifera Marsh.), white ash (Fraxinus americana L.), and red spruce 
(Picea rubens Sarg.).  Hophornbeam (Ostrya virginiana (Mill.) K. Koch), witch hobble 
(Viburnum lantanoides Michx.), and striped maple (Acer pensylvanicum L.) are common 
understory associates.   
Study Sites  
Two of the understory removal study sites were located on the HWF property; one near 
Sabattis Pass where Catlin Lake flows into Long Pond (CL 44.00° N 74.26° W), and the other at 
the northern end of Old Military Road (OMR 44.02° N 74.25°W). The third site was located 
along Goodnow Flow Road south of Newcomb on forest property formally owned by Finch 
Pruyn and Co., and now managed by F&W Forestry (F&W 43.94° N 74.19°W). All sites had 
uneven-aged northern hardwood forests with varied management histories that included past 
partial cutting. 
Soils on the CL site are a Spodosol known as Waumbek Variant, which is a deep, 
moderately well-drained soil formed in stony, sandy till (Somers 1980). The study plots fall 




1957. The cutting methods plots were set up in three replicated blocks having residual basal 
areas of 0, 30, 50 and 70 ft² ac.-1. Several blocks were also left uncut to represent old-growth 
conditions. Additionally, an 80-ac. buffer was cut around the 32-ac. study area, in which 50% of 
the merchantable volume was removed. The understory removal plots of the present study were 
established in 2000 within the larger compartment that received the 50 ft² ac.-1 cutting treatment, 
and in part of the control plot that received no cutting. In 2017, the stand was uneven-aged with 
various size classes intermixed throughout (Figure 1a) and contained similar stocking between 
the treated and untreated plots.  
Soils on the OMR site are a Spodosol known as Rawsonville-Mundal Association, 
consisting of well-drained, moderately deep to deep soils formed in loamy glacial till (Somers 
1980). The site received a partial cutting on approximately 425 ac. in 1961-62 to remove high 
risk maple, birch, and beech trees. In 1976, a shelterwood seed cutting was applied to 
approximately 350 ac. The stocking was reduced to approximately ~40 ft² ac -1 in hopes of 
regenerating a new even-aged cohort of hardwoods. No herbicide treatment was used and beech 
removal was not conducted. In 2017, stand had various size classes intermixed throughout 
(Figure 1b), and contained dissimilar stem density between treated and untreated plots.  
 The F&W site, located off of Goodnow Flow Road, south of HWF. Soils have not been 
described or mapped at this site. The stand received a beech salvage cut in the late 1970’s, 
followed by a 12 in. diameter-limit cutting in 1986 (Mallet 2002, Forrester and Bohn 2007). In 
2017, the stand was uneven-aged with various age classes intermixed throughout (Figure 1c), 































































































Treatment Design  
 The experiment sought to evaluate the long-term (17 years) effects of timing understory 
removal cuts on non-beech species establishment and development, as well as effects on 
herbaceous cover and richness. The research reported here tested four hypotheses:  
 
Hypothesis 1: Mechanical understory removal will reduce the status (density, cumulative height) 
of American beech regeneration in the understory.   
Hypothesis 2: Mechanical understory removal will increase the status (densities, cumulative 
height) of desirable commercial hardwood species regeneration, and increase herbaceous cover 
and richness.  
Hypothesis 3: Mechanical understory removal during late summer months (July and August) will 
provide greater control of small American beech than with May or September and October 
cutting dates.  
Hypothesis 4:  Mechanical understory removal will result in higher photosynthetically active 
radiation near the forest floor at 17 years after the treatment compared to control plots.  
This study used a randomized complete block design with site as a blocking variable. A 
series of 100 x 100 ft. plots were established at each site (Appendix A), with ten treatment plots 
(n =10) and seven or eight control plots per site. One plot at each site was randomly selected 
every two weeks to receive mechanical treatment (Appendix A). This allowed for 30 treatment 
plots (10 per site) and 22 control plots (seven at OMR and F&W, eight at CL). Within each plot, 
five circular 1 milacre (= 43.56 ft²=3.72 ft. radius) sub-plots were installed at 10 ft. intervals 




allowed for a 40 ft. buffer on either side and a 30 ft. buffer on the top and bottom of each plot 
(Figure 2).   
 
Treatment  
At each site, a new 100 x 100 ft. plot was randomly selected every two weeks to receive 
mechanical treatment. These began in May and ended in October 2000. At all except the last two 
treatment periods, a brush saw was used to fell all understory hardwoods <5.5 in. dbh. For the 
Figure 2: Layout of individual treatment plots. Solid green circles represent milacre 
(43.56 ft.² =3.72 ft. radius) subplots (1-10), and hollow circles the surrounding 6 ft. 
radius plots. The solid blue circle in bottom right indicates the permeant conduit with 





last two dates (9/16/2000 and 10/15/2000) a chainsaw was used. For those dates the worker 
mistakenly also cut a number of mid-canopy beech trees ≥ 5.5-in dbh (Appendix A), that opened 
the overstory on these plots.   
Pre-treatment sampling 2000  
Prior to the summer 2000 cuts, live understory trees and woody vegetation were tallied 
by species and size class (< 1.0 ft., 1.0 - 2.9 ft., 3.0 – 5.9 ft., ≥ 6.0 ft. but < 1.0 in. dbh, 1.0 – 5.4 
in. dbh) on six of the ten milacre sub-plots (specifically, sub-plots 1, 3, 5, 6, 8 and, 10) within 
each larger treatment plot. Beech stems were identified as a root sucker (RS), stump sprout (SS), 
or seedling (SE). To separate seedling from suckers, the organic layer was pushed away from the 
base of stem and the root collar probed to feel if roots were laterally connected to a parent tree 
(root suckers). If no lateral connection was found, the stem was classified as a seedling.  
One 6 ft. radius subplot was superimposed among each array of six milacre sub-plots, and 
all trees 0.5-5.4 in. dbh were tallied. These larger sub-plots were used to quantify preexisting 
understory conditions, including beech sapling density. For trees ≥ 5.5 in. dbh a point sample 
was taken at the center of each 100 ft. plot using a BAF 10 prism. 
Ground-layer vegetation was surveyed before the cutting treatment in June 2000 on 
twenty randomly located temporary 1-m² sub-plots before the treatments were applied in June 
2000 (Forrester and Bohn 2007). Post-treatment overstory canopy cover was estimated in 2000 
using a pentaprism to determine the percent openness of the overstory along a systematic grid, 
using the milacre centers as points of intersection for five parallel transects. Each individual 
transect measured 60 ft. long and consisted of seven canopy cover sampling points spaced 5 ft. 
apart (Figure 3). Each of the five canopy cover transects intersected two milacre sub-plot centers, 




Transect 1: milacre sub-plots 1 & 10). At each sampling point the pentaprism was used to make 
an overhead point determination of canopy openness: open was recorded as “Yes” and canopy 
coverage as “No.” Additional readings at each milacre were taken directly over the sub-plot 
center followed by four supplemental recordings taken at each of the four cardinal directions 3 ft. 
off the ground from the center point. In areas with dense woody regeneration that obstructed the 
pentaprism reading of the overstory, saplings were bent aside to unmask overstory canopy 
coverage. These readings represent the canopy conditions that influenced light and shading in 









Post-treatment sampling 2017  
During summer 2017 (17 years post-treatment), remeasurement data were gathered from 
existing plots in June, following previous guidelines (Mallet 2002). This included resampling the 
Figure 3. Diagram of canopy cover sampling points. Red dots represent pentaprism 
sample points along 60 ft. transects and four-sided arrows indicate the milacre sample 
point centers. The solid blue dot in bottom right corner indicates a permeant conduit with 




six milacre sub-plots and the 6 ft. radius plots, as well as recording the canopy cover.In addition, 
a complete tree inventory was completed for each plot, measuring all trees ≥ 5.5 in. dbh. 
In 2017, herbaceous layer vegetation was sampled in early June on ten 1-m² sub-plots 
that were nested within the ten permanent milacre sub-plots. Using the center pigtail as the initial 
bottom corner, a 1-m² sub-plot was set to the right-hand side using flags to delineate the corners. 
In each of the ten 1-m² ground-layer sub-plots, percent cover of all vascular plant species < 3 ft. 
tall were estimated visually and assigned to the following cover classes: < 1%, 1-5%, 6-10%, 11-
25%, 26-50%, 51-75%, 76-90%, ≥90%. Species nomenclature follows New York Flora Atlas 
(Weldy et al. 2018). 
Microenvironment sampling  
During summer 2017, light readings were taken 3 ft. above ground at each of the 10 
milacre sub-plots with all 100 x 100 ft. plots at the three sites. Photon flux density (μmol m-2 s-1) 
of photosynthetically active radiation (400-700 nm) was read in June, July, and August, using a 
LI-191R Line Quantum Sensor (LQS), on days with either full sun or full cloud cover. One 
averaged absolute value reading was also taken simultaneously in a nearby open area where no 
overstory shading affected the readings. Two relative readings were taken sequentially at each 
milacre sub-plot and averaged to determine relative light levels for each of the sub-plots within 
each site. The first sampling orientation was in a north-south direction and the second in an east-
west direction. Since no effort was made to pull back any vegetation that shaded the milacre 
area, these readings reflect light levels at 3 ft. above the ground following 17 years of understory 
regrowth.  
O-horizon depth was measured and mineral soil samples obtained within milacres 1, 3, 5, 




the A-horizon from 0-4 in. and the B horizon 4-8 in. (the E horizon was mixed into the B horizon 
sample). The uncompacted volume of each soil sample was approximately ~150 cm³. Samples 
were put into labeled plastic bags for transport, and later transferred to brown paper bags to air 
dry in the laboratory. Once the samples dried adequately, 20 grams of soil were put into 100 mL 
beakers with 40 mL of deionized water. The samples were then stirred and left to sit for thirty 




The raw milacre sub-plot data were transformed to address the objectives of the long-
term effects of understory cutting of trees <5.5 in. dbh, to reduce densities of understory beech 
and increase the densities of desirable non-beech hardwood regeneration and herbaceous 
vascular plant richness and cover. The central question regarding the treatment was what woody 
species would dominate a site 17 years after a cutting treatment. Here, “dominance” means most 
likely to succeed in the understory and eventually grow into the main canopy (Bohn 2000). Leak 
(1988) describes dominance as the tallest tree on the plot. This provides biological and 
ecological context, because in gap-replacement dynamics, openings are almost always filled by 
the tallest tree that can intercept more of the increased sunlight (Poulson and Platt 1996). By 
applying this thinking to Leak’s (1988) definition of dominance, I chose height (ft.) as the 
weighting variable to express dominance within a plot. Therefore, I calculated the cumulative 
height (ft. milacre-1) of American beech, commercial species (sugar maple and yellow birch), and 




Height Weighting Factors  
Five size categories (< 1.0 ft., 1.0 - 2.9 ft., 3.0 – 5.9 ft., ≥ 6.0 ft. but < 1.0 in. dbh, 1.0 – 
5.4 in. dbh) were used for assigning these weights. Since height was not determined in the field 
for the larger two size categories, heights were attributed to each stem using published allometric 
equations (Kenefic 1995). The latter two categories were converted to heights by taking the 
average of the calculated heights of the five most frequently occurring species (American beech, 
sugar maple, yellow birch, and hophornbeam) using equations by Kenefic (1995) for each 
species as follows:  
American beech: height (m) = 1.3 + 42.4140*exp [-25.0938/ (cm dbh + 6.66715)]  
sugar maple:    height (m) = 1.3 + 36.8618*exp [ -15.4122/ (cm dbh + 3.8011)]  
striped maple:  height (m) = 1.3 + 9.5744*exp [ -2.8576/ (cm dbh + 0.1292)]  
yellow birch:   height (m) = 1.3 + 36.6596*exp [ -18.4301/ (cm dbh + 5.7440)]  
hophornbeam: height (m) = 1.3 + 25.8986*exp [ -10.3190/ (cm dbh + 2.7497)]  
All diameters were converted from inches to centimeters before calculations, and height 
was converted from meters to feet afterwards. The average height for stems ≥ 6.0 ft. but < 1.0 in. 
dbh estimated as 15.4 ft. (Appendix B). For the 1.0 – 5.4 in. dbh class, a diameter distribution 
graph (Appendix B) demonstrated that 1 in. trees represented ≥ 50% of the stems, so the average 
height will be represented by 15.4 (ft.) for this height class. Substituting the calculated heights 
for dbh, the five height categories were redefined as (< 1.0 ft., 1.0-2.9 ft., 3.0-5.9 ft., 6.0-15.0 ft., 
and 15.4 ft.). The midpoints of each height class (0.5, 2.0, 4.5, 10.5, and 15.4 ft.) were used as 




By transforming the raw data this way, both numbers of stems (abundance) and height 
(dominance) were taken into account by multiplying the numbers of stems by the weighting 
factor (Bohn 2000). Additionally, species were grouped into six species groups (American 
beech, sugar maple, yellow birch, conifer, shrub, and other) (Appendix B).  
Herbaceous cover   
 The raw 1 m² sub-plot data from 2000 and 2017 were converted to midpoints of the 
following cover classes: < 1%, 1-5%, 6-10%, 11-25%, 26-50%, 51-75%, 76-90%, ≥90%. The 
midpoints of the respective cover classes, 0.5, 3.0, 7.5, 17.5, 37.5, 62.5, 82.5, and 95, were used 
in all analyses. Raw species cover data for herbaceous layer vegetation were composited by life 
form: trees, shrubs, ferns, and forbs/graminoids) (see Appendix B). In 2000, spring ephemerals 
had senesced during sampling and were not included in analysis, while in 2017 sampling 
occurred earlier in June resulting in a few ephemerals that were not documented in 2000.  
Data Analysis  
 For analyses of woody regeneration, the sequentially applied treatments were labeled 1-
10 in order of their timing. The multiple control plots at each site were combined into one per 
site to balance the design. This was done at each of the three sites allowing for n = 30 cut plots, 
and n=3 uncut plots for a total of N=33. For the herbaceous layer only a subset of the 1-10 
treatments were utilized for analysis. The analysis used 5 treatment dates with 3 control from 
each site allowing for n=15 cut plots, and n=3 uncut plots for a total of N=18. Analysis of 
variance (ANOVA) and covariance (ANCOVA) were used to test the hypotheses using PROC 
GLM in SAS version 9.4 for Windows. ANCOVA was used when Pearson correlation 




significant (≤ 0.1) ANOVA was used. Additionally, a contrast was run to compare differences 
between cut and uncut plots (Appendix C). Significance or non-significance for the hypotheses 
tests were determined by the P-value (all values < 0.1), produced from the F Statistic. Means 
comparison with Bonferroni correction (alpha=0.10) was used to discern differences between 
cutting dates.  
For hypothesis 1, I used a randomized complete block (by site) design with covariance 
analysis to test the differences in American beech regeneration stem densities and cumulative 
heights between 2000 and 2017 cut and uncut plots (using 2000 densities and heights as a 
covariate variable). For hypothesis 2, I used a randomized complete block (by site) design with 
covariance analysis to test the differences in desirable non-beech species stem densities and 
cumulative height between 2000 and 2017 cut and uncut plots (using 2000 densities and heights 
as a covariate variable). Further, percent the cover of understory herbaceous species and species 
richness was accessed between 2000 and 2017 cut and uncut plots (2000 percent cover and 
species richness as a covariate variable). For hypothesis 3, I used a randomized complete block 
(by site) design with covariance analysis to test American beech and commercial species (sugar 
maple and yellow birch) stem densities and cumulative height among 10 different cutting periods 
between 2000 to 2017 (using 2000 densities and cumulative heights as covariate variable). For 
hypothesis 4, I used a randomized complete block (by site) design to test the difference between 
treatment and control plots in photon flux density (μmol m-2 s-1) 3 ft. above the forest floor at the 







Structural Characteristics of Study Sites 
 In 2017 the overstory (≥ 5.5 in. dbh) densities and basal areas of the three Adirondack 
sites averaged (± 1 S.E.) 112 ± 13 trees ac.-1 and 95 ± 6 ft.² ac.-1 in the cut plots, and 140.0 ± 14 
trees ac.-1 and 104 ± 12 ft.² ac.-1 in the uncut plots (Table 2). The study site canopies were 
dominated by American beech and sugar maple, which together comprised ~ 80% of the total 
overstory basal area (Table 3). In 2017 sapling (1.0 -5.4 in. dbh) densities and basal areas of the 
three sites averaged (± 1 S.E.)  930 ± 201 trees ac.-1 and 15 ± 3 ft.² ac.-1 in cut plots, and 573 ± 
118 trees ac.-1 and 16 ± 5 ft.² ac.-1 in uncut plots (Table 4). The sapling layer was dominated by 
American beech, which comprised ~70% of the total basal area. However, for advance 
regeneration < 1 in. dbh, sugar maple accounted for 47 to 52% of all stems over the 17 years, 
while American beech ranged from 10 to 30% (Table 5). In 2000, sugar maple advance 
regeneration made up ~65% of all stems compared to American beech making up ~10%.  
Six years after the cutting treatment and the 2005 drought, sugar maple (<1 ft. tall) made up 
~47% of all stems while American beech made up ~30% of all stems, and in 2017 sugar maple 
(<1 ft. tall) made up ~52% of all stems, while American beech comprised of ~18% (Table 5).  
Within the smaller height classes of advance sugar maple regeneration (<3 ft. tall), the 
conditions 6 years after the cut and 1 year after the 2005 drought (2006) suggest that uncut plots 
experienced a decline in sugar maple densities. Sugar maple densities >1 ft. decreased following 
the drought in two of the sites (CL by 60% and 77% at the F&W site), while their densities at the 
OMR site increased (61%). Additionally, within the 1.1-3.0 ft. tall class, all three sites 




90%). Contrariwise, sugar maple densities < 1 ft. tall within cut plots experienced an increase in 
all three sites (CL: 27%; F&W: 300%; OMR: 3%), and either remained unaffected or slightly 
higher within the 1.1-3.0 ft. tall class (Table 6). Sugar maple was not the only species to be 
affected by the 2005 drought. American beech advance regeneration (< 3 ft. tall) densities 
increased in both the cut and uncut plots 1 year after the 2005 drought. Cut plots displayed a 9-
fold increase in the < 1 ft. tall class and a 6-fold increase in the 1.1-3.0 ft. tall class (Table 6), of 
which beech suckers made 29%, while seedlings made up 42%, compared to 40% of sucker 
origin and 12% seedling origin in 2017 (Table 7). Uncut plots displayed a 7-fold increase in the 
< 1 ft. tall class and only a 5% increase in the 1.1-3.0 ft. tall class (Table 6), of which beech 
suckers made up 10% , while seedlings made up 19% of beech density in 2006 compared to 38% 




Table 2. Pre-cut and 17-year post-cut overstory tree (≥ 5.5 in. dbh) structural characteristics of the three Adirondack study sites. Values are 
means ± 1. S.E. (N=52).  
 CL 220 F&W OMR 
 Cut Uncut Cut Uncut Cut Uncut 
density (trees ac.-1) 127 ± 15 126 ± 11 120 ± 12 159 ± 24 88 ± 11 134 ± 6 
basal area (ft.² ac.-1) 102 ± 3 104 ± 16 89 ± 5 106 ± 9 95 ± 89 100 ± 11 
2017 overall basal area 
(ft.² ac.-1) 
103 ± 13 97 ± 18 97 ± 8 
2000 overall basal area 
(ft.² ac.-1) 











Table 3. 17-year post-cut overstory tree (≥ 5.5 in. dbh) species composition in the three Adirondack sites. Values are means of relative basal 
areas (as percent). (N=52). 
 CL 220 F&W OMR 
Relative basal area (%) Cut Uncut Cut Uncut Cut Uncut 
American beech  42 40 39 26 40 49 
sugar maple   35 32 45 64 52 33 
yellow birch  11 19 9 1 3 9 
conifer a  9 7 0 0 4 2 
other b  3 2 7 9 1 7 
Total  100 100 100 100 100 100 
a Conifer includes = balsam fir, eastern hemlock, and red spruce. 









Table 4.  Pre-cut and 17-year post-cut sapling (1.0-5.4 in. dbh) structure in the three Adirondack study sites. Values are means ± 1. S.E. N=49 
in 2000a, N=52 in 2017b.  
2000 
 CL 220 F&W OMR 
 Cut Uncut Cut Uncut Cut Uncut 
density (trees ac.-1) 180 ± 56 240 ± 75 600 ± 119 671 ± 122 910 ± 140 840 ± 116 
basal area (ft.² ac.-1) 9 ± 2 11 ± 2 25 ± 6 18 ± 3 14 ± 5 21 ± 6 
2017 
 CL 220 F&W OMR 
 Cut Uncut Cut Uncut Cut Uncut 
density (trees ac.-1) 1463 ± 228 601 ± 119 680 ± 123 523 ± 89 1412 ± 252 908 ± 146 
basal area (ft.² ac.-1) 16 ± 2 15 ± 2 7 ± 3 17 ± 7 11 ± 5 24 ± 8 
       
a 2000:  CL (N=15): cut (n=10), uncut (n=5); F&W (N=17): cut (n=10), uncut (n=7); OMR (N=17): cut (n=10), uncut (n=7). 





Table 5:  Pre-cut, 1- year post-drought, and 17-year post-cut advance regeneration (< 3 ft. tall) density (trees ac.-1) of major species in the three 
Adirondack sites. Values are means ± 1. S.E.  N=49 in 2000a, N=34 in 2006b, N=52 in 2017b.  
2000 
 CL 220 F&W OMR 
 Uncut Cut Uncut Cut Uncut Cut 
American beech 2666 ± 528 4217 ± 574 1380 ± 252 3033 ± 500 1428 ± 433 1766 ± 511 
sugar maple  18666 ± 3781 28450 ± 3105 3761 ± 1016 7383 ± 1339 11095 ± 2718 17766 ± 2498 
yellow birch  83 ± 65 66 ± 52 47 ± 33 450 ± 199 47 ± 33 66 ± 32 
conifer d 21 ± 21 33 ± 23 47 ± 33 50 ± 28 119 ± 60 133 ± 50 
other e 3125  ± 794 9983 ± 1454 3023 ± 654 10750  ± 1267 976 ± 411 1433 ± 428 
2006 
 CL 220 F&W OMR 
American beech  10611 ± 2445 9833 ± 1530 1638 ± 352 26861 ± 4601 8033 ± 1118 13722 ± 2883 
sugar maple  7055  ± 1757 34833  ± 5975 805 ± 315 27388 ± 4597 16666 ± 3366 16527 ± 3060 
yellow birch  0 ± 0 0 ± 0  0 ± 0 166 ± 140 100 ± 100 0 ± 0 
conifer  27 ± 27 0 ± 0 55 ± 38 27 ± 27 0 ± 0 0 ± 0 
other 4388 ± 1596 10566 ± 2833 5111 ± 1310 24805 ± 2877 233 ± 92 1250 ± 422 
2017 
 CL 220 F&W OMR 
American beech  4750 ± 598 4200 ± 495 4119 ± 711 9466 ± 1138 4095 ± 580 6033 ± 671 
sugar maple  12541 ± 3283 18416 ± 3197 1880 ± 404 6433± 874 5547 ± 1038 2333 ± 474 
yellow birch  0 ± 0 16 ± 16 0 ± 0 133 ± 50 0 ± 0 16 ± 16 
conifer 21 ± 21 150 ± 52 48 ± 33 83 ± 36 24 ± 24 100 ± 46 
other 3020 ± 920 4183 ± 740 15428 ± 2047 15516 ± 1543 1047 ± 186 2050 ± 381 
a 2000:  CL (N=15): cut (n=10), uncut (n=5); F&W (N=17): cut (n=10), uncut (n=7); OMR (N=17): cut (n=10), uncut (n=7). 
b 2006: CL (N=12): cut (n=6), uncut (n=6); F&W (N=11): cut (n=6), uncut (n=5); OMR (N=11): cut (n=5), uncut (n=6).  
c 2017: CL (N=18): cut (n=10), uncut (n=8); F&W (N=17): cut (n=10), uncut (n=7); OMR (N=11): cut (n=10), uncut (n=7). 
d conifer includes: balsam fir, eastern hemlock, and red spruce. 





Table 6:  Pre-cut, 1-year post-drought and, 17-year post-cut American beech and sugar maple advance regeneration (< 3 ft. tall) density (trees ac.-1) in 
the three Adirondack sites. Values are means ± 1. S.E.  N=49 in 2000a, N=34 in 2006b, N=52 in 2017b. 
2000 
 CL 220 F&W OMR 
 Uncut  Cut  Uncut Cut Uncut Cut 
American beech       
     ≤ 1.0 ft. 1270 ± 341 1750 ± 322 380 ± 127 1266 ± 329 642 ± 267 816 ± 486 
     1.1 - 3.0 ft.  520 ± 148 1216 ± 276 238 ± 88 900 ± 231 95 ± 45 133 ± 50 
sugar maple       
     ≤ 1.0 ft. 17145 ± 3476 25583 ± 2781 3261 ± 962 5866 ± 1295 10238 ± 2693 16216 ± 2502 
     1.1 - 3.0 ft. 1520 ± 605 2633 ± 557 333 ± 94 1233 ± 326 357 ± 151 483 ± 154 
2006 
 CL 220 F&W OMR 
American beech     
     ≤ 1.0 ft. 8277 ± 2462 5400 ± 1042 1055 ± 281 21027 ± 4168 6300 ± 977 6166 ± 1145 
     1.1 - 3.0 ft. 1416 ± 271 3333 ± 668 361 ± 138 5361 ± 1017 900 ± 296 4638 ± 771 
sugar maple        
     ≤ 1.0 ft. 6888 ± 1768 32600 ± 5380 722 ± 286 24277 ± 4126 16533 ± 3359 16622 ± 3011 
     1.1 - 3.0 ft. 166 ± 93  2233 ± 936 55 ± 55 2888 ± 804 33 ± 33 277 ± 109 
2017 
 CL 220 F&W OMR 
American beech     
     ≤ 1.0 ft. 2312 ± 430 966 ± 174 3285 ± 709 2866 ± 422 2023 ± 386 1183 ± 189 
     1.1 - 3.0 ft. 1145 ± 218 1116 ± 174 476 ± 123 3033 ± 597 1238 ± 230 1683 ± 310 
sugar maple        
     ≤ 1.0 ft. 11500 ± 3025 14416 ± 2788 1833 ± 407 5483 ± 773 5547 ± 1038 2333 ± 474 
     1.1 - 3.0 ft. 1041 ± 368 3700 ± 883 47 ± 47 883 ± 306 0 ± 0 0 ± 0 
 
a 2000:  CL (N=15): cut (n=10), uncut (n=5); F&W (N=17): cut (n=10), uncut (n=7); OMR (N=17): cut (n=10), uncut (n=7). 
b 2006: CL (N=12): cut (n=6), uncut (n=6); F&W (N=11): cut (n=6), uncut (n=5); OMR (N=11): cut (n=5), uncut (n=6).  






Table 7: 1-year post-drought and 17-year post-cut advance regeneration (< 3 ft. tall) density (trees ac.-1) of American beech origin in the three 
Adirondack sites. Values are means ± 1. S.E.  N=49 in 2000a, N=34 in 2006b, N=52 in 2017b. 
  2006 
 CL 220 F&W OMR 
 Uncut Cut Uncut Cut Uncut Cut 
seed  6361 ± 2369 3266 ± 841 805 ± 251 20000 ± 4342 4766 ± 1021  3972 ± 1246 
sucker 3333± 636 5466 ± 1164 611 ± 204 6388 ± 1341 2433 ± 550 6833 ± 1248 
2017 
 
seed 395 ± 114 316 ± 102 1000 ± 276 1916 ± 451 690 ± 181 383 ± 114 
sucker 3062 ± 569 1766 ± 293  2428 ± 542 4216 ± 880 2571 ± 488 2488 ± 372 
a 2000: CL (N=15): cut (n=10), uncut (n=5); F&W (N=17): cut (n=10), uncut (n=7); OMR (N=17): cut (n=10), uncut (n=7). 
b 2006: CL (N=12): cut (n=6), uncut (n=6); F&W (N=11): cut (n=6), uncut (n=5); OMR (N=11): cut (n=5), uncut (n=6).  





Cutting Effects by Date 
Woody understory densities  
 
Application of understory cutting treatments at different times during the growing season 
appeared to have minimal influence on long-term basal area and density of advance regeneration 
and sapling beech. In 2017, beech densities ranged from ~700 to 3,000 trees ac.-1 for stems < 1 
ft., ~ 700 to 3,800 for stems 1.0 - 2.9 ft., ~ 500 to 3,000 for stems 3.0-5.9 ft., ~ 300 to 1,800 for 
stems ≥ 6.0 ft. but < 1.0 in. dbh, and ~ 0 to 128 for stems 1.0-5.4 in. dbh (Table 8). The 2017 
American beech stem densities were strongly and positively correlated with their respective, pre-
existing stem densities in 2000 (Table 9). While the 2017 advance regeneration densities of 
beech < 6 ft. tall on the cut plots were approximately twice that of the uncut plots, covariate 
analysis of adjusted means (Table 8) and contrast of treatment effects (cut versus uncut plots) 
demonstrated that the 2017 beech densities were not significant after accounting for the pre-
existing beech densities in 2000 (Table 9). Nevertheless, the contrast for the upper height class of 
advance beech regeneration (≥ 6 ft. but < 1 in. dbh), demonstrated that cut plots contained ~ 4x 
more beech stems than uncut plots, while beech saplings (1.0-5.4 in. dbh) on uncut plots contained 
~3x more stems than cut plots. Further, the understory treatment (cutting at different times 
during the growing season) had no effect on American beech sapling densities (1.0-5.4 in. dbh) 
(Table 9). 
In 2017, sugar maple densities ranged from ~ 1,500 to 24,000 trees ac.-1 for stems < 1 ft., 
~ 0 to 5,000 for stems 1.0-2.9 ft., ~ 0 to 500 for stems 3.0-5.9 ft., ~ 0 to 100 for stems ≥ 6.0 ft. 
but < 1.0 in. dbh and ~ 0 to 64 for stems 1.0-5.4 in. dbh (Table 10) (yellow birch densities were 




maple < 1.0 ft. (P-value = 0.03) and 1.0-2.9 ft. (p-value = 0.0001) densities were strongly and 
positively correlated with their respective, pre-existing stem densities in 2000 (Table 11) 
however the remaining upper height classes were not. Similarly, while the 2017 advance 
regeneration and sapling densities of sugar maple were marginally greater on cut versus uncut 
plots, covariate analysis of adjusted means (Table 10) and contrast of treatment effects (cut 
versus uncut plots) demonstrated that the 2017 densities were not significant after accounting for 




Table 8: American beech stem density (trees ac.-1) for 2017, with adjusted means for the ten cut dates and uncut.  Values are means ± 1. S.E. 
N=33 (N=3 for each mean). 
Height class Uncut 5/26/00 6/8/00 6/19/00 7/7/00 7/17/00 8/2/00 8/16/00 9/2/00 9/16/00 10/15/00 
Unadjusted a 
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a Unadjusted means calculated directly from plot data; adjusted means from the analysis of covariance.  
b A hyphen for adjusted means indicates that analysis of covariance was not used. 






Table 9: P-values from covariate analysis of cutting effects on understory American beech density (trees ac.-1) and basal area (ft.² ac.-1) (1.0-5.4 
in. dbh) in Adirondack sites (N=33). Significant P-values (<0.10) in bold. 
Source of variation   
DF 
 





≥ 6.0 ft.  
but < 1.0 in. dbh 
 
1.0-5.4 in. dbh 
basal area  
(1.0-5.4 in. dbh) 
Covariate a  1 0.003 0.02 - d 0.04 0.004 - 
Block 2 0.008 0.02 0.12 0.81 0.01 0.39 
Treatment b  10 0.59 0.37 0.69 0.14 0.03 0.81 
Contrast c: 
Uncut vs. Cut 
1 0.19 0.76 0.29 0.06 0.006 0.85 
a Covariate variable for beech < 1.0 ft. was 2000 beech < 1.0 ft. stem density; for beech 1.0-2.9 ft. it was 2000 beech 1.0-2.9 ft. stem density; for 
beech 3.0-5.9 ft. it was 2000 beech 3.0-5.9 ft. stem density; for beech ≥ 6.0 ft. but < 1.0 in. dbh it was 2000  beech ≥ 6.0 ft. but < 1.0 in. dbh 
stem density; for beech saplings 1.0-5.4 in. dbh it was 2000 beech sapling 1.0-5.4 in. dbh stem density; for basal area of beech saplings 1.0-5.4 
in. dbh it was 2000 beech saplings 1.0-5.4 in. dbh stem density.  
b Treatment = cutting at different dates throughout the growing season.  
c Contrast testing effect of uncut versus all cut plots.  
d A hyphen for covariate means that the correlation between 2000 stem densities and 2017 stem densities was <0.30, so the covariate was not 









Table 10: Sugar maple mean density (trees ac.-1) for 2017, with adjusted means for the ten cut dates and uncut. Values are means ± 1. S.E. 
N=33 (N=3 for each mean). 
Height class Uncut 5/26/00 6/8/00 6/19/00 7/7/00 7/17/00 8/2/00 8/16/00 9/2/00 9/16/00 10/15/00 
Unadjusted a 








































0 ± 0 0 ± 0 
3.0-5.9 ft.  0 ± 0 555 ± 
555 
0 ± 0 0 ± 0 277 ± 
277 
222 ± 147 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 
≥ 6.0 ft. but < 
1.0 in. dbh 
0 ± 0 0 ± 0  55  ±  
55 
0 ± 0 111 ± 
111 
0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 
1.0-5.4 in. 
dbh 
26  ±  
16 
 21  ±  
21 
 42  ±  
42 
 21  ±  
21 
64  ±  
64 
  21   ±  
21 
 21  ±  
21 
0 ± 0 0 ± 0 0 ± 0 0 ± 0 
Adjusted 












































3.0-5.9 ft.  - b - - - - - - - - - - 
≥ 6.0 ft. but < 
1.0 in. dbh 
-  - - - - - - - - - - 
1.0-5.4 in. 
dbh 
-  - - - - - - - - - - 
a Unadjusted means calculated directly from plot data, adjusted means from the analysis of covariance. 





Table 11: P-values from covariate analysis of cutting effects on understory sugar maple density (trees ac.-1) and basal area (ft.² ac.-1) (1.0-5.4 
in. dbh) in Adirondack sites (N=33). Significant P-values (<0.10) in bold. 
 









≥ 6.0 ft. 
 but < 1.0 in. dbh 
 
1.0-5.4 in. dbh 
basal area 
 (1.0-5.4 in. dbh) 
Covariate a  1 0.03 0.0001 -d - -  - 
Block  2 0.21 0.39 0.20 0.25 0.006 0.38 
Treatment b  10 0.30 0.62 0.42 0.48 0.50 0.81 
Contrast c:  
Uncut vs. Cut 
1 0.96 0.82 0.76 0.94 0.75 0.89 
a Covariate variable for sugar maple < 1.0 ft. was 2000 sugar maple < 1.0 ft.  stem density; for sugar maple 1.0-2.9 ft. it was 2000 sugar maple < 
1.0 ft. stem density; for sugar maple 3.0-5.9 ft. it was 2000 sugar maple 1.0-2.9 ft. stem density; for sugar maple ≥ 6.0 ft. but < 1.0 in. dbh it was 
2000  sugar maple ≥ 6.0 ft. but < 1.0 in. dbh stem density; for sugar maple saplings 1.0-5.4 in. dbh it was 2000 sugar maple saplings 1.0-5.4 in. 
dbh stem density; for basal area of saplings 1.0-5.4 in. dbh it was 2000 beech saplings 1.0-5.4 in. dbh stem density.  
b Treatment = cutting at different dates throughout the growing season. 
c Contrast testing uncut versus all cut plots. 
d A hyphen for covariate means that the correlation between 2000 stem densities and 2017 stem densities was <0.30, so the covariate was not 







Cumulative height  
Application of understory cutting treatments at different times throughout the growing 
season appeared to have no influence on beech or commercial species cumulative heights 17 
years post-cut. The 2017 cumulative heights on cut and uncut plots ranged from ~10 to 46 ft. 
milacre-1 for American beech, and 1 to 24 ft. milacre-1 for commercial species (sugar maple and 
yellow birch) (Table 12). Post-cut (2017) American beech and commercial species cumulative 
height were positively correlated with their respective pre-cut (2000) cumulative heights on the 
cut plots (American beech p= 0.01; commercial species p= 0.01) (Table 13). Further, covariate 
analysis adjusted means (Table 12) and contrast of overall treatment effects (cut versus uncut 
plots) demonstrated that the 2017 cumulative heights were not significant after accounting for 
the pre-existing stem densities in 2000 (Table 13; Figure 4).  
Non-beech woody species from 2017 were further separated into five species groups 
(sugar maple, yellow birch, conifer, shrubs, and other) to investigate any other covariate 
relationships that may be present. The cumulative heights on cut and uncut plots ranged from ~1 
to 24 ft. milacre-1 for sugar maple, ~ 0 to 1 ft. milacre-1 for yellow birch, ~ 0 to 1 ft. milacre-1 for 
conifer species, ~ 5 to 18 ft. milacre-1 for shrubs and ~ 0 to 3 ft. milacre-1 for other (Table 14). 
Post-treatment (2017) sugar maple, conifer, and shrub cumulative heights were strongly and 
positively correlated with pre-treatment (2000) cumulative height on the removal plots (sugar 
maple, p= 0.0001; conifer p=0.002; shrubs, p=0.0001) cut at different dates (Table 15). Further, 
covariate analysis adjusted means (Table 14) and overall treatment of cut versus uncut 
demonstrated that the 2017 differences were not significant after accounting for the pre-existing 












Table 12: American beech and commercial species cumulative height (ft. milacre-1) for 2017, with adjusted means for the ten cut dates. Values 
are means ± 1. S.E. N=33 (N=3 for each mean). 
 Uncut 5/26/00 6/8/00 6/19/00 7/7/00 7/17/00 8/2/00 8/16/00 9/2/00 9/16/00 10/15/00 
Unadjusted a 
American beech   15 ± 2 10 ± 4 35 ± 11 25 ± 8 25 ± 11 39 ± 11 30 ± 4 39 ± 3 46 ± 9 34 ± 8 25 ± 14 
Commercial 
species b 
6 ± 1 12 ± 9 8 ± 3 5 ± 2 9 ± 6 24 ± 17 13 ± 11 3 ± 1 4 ± 1 1 ± 1 4 ± 3 
Adjusted 
American beech  17 ± 8 16 ± 9 36 ± 8 26 ± 8 29 ± 8 40 ± 8 24 ± 9 30 ± 10 45 ± 8 35 ± 8 23 ± 8 
Commercial 
species  
8 ± 6 10 ± 6 11 ± 7 5 ± 6 8 ± 6 18 ± 7 11 ± 7 4 ± 7 6 ± 7 1 ± 6 3 ± 6 
a Unadjusted means calculated directly from plot data, adjusted means from the analysis of covariance. 




Table 13: P-values from testing the effects of cutting on cumulative height (ft. milacre-1) of American beech and commercial species in 
Adirondack sites. (N=33). Significant P-values (<0.10) in bold. 
Source of variation  DF American beech Commercial species d 
Covariate a  1 0.01 0.0001 
Block  2 0.35 0.02 
Treatment b  10 0.32 0.30 
Contrast c:  
Uncut vs. Cut 
1 0.14 0.92 
a Covariate variable for American beech cumulative height (ft. milacre-1) was 2000 American beech height (ft. milacre-1) for commercial species 
cumulative height (ft. milacre-1) it was 2000 commercial species cumulative height (ft. milacre-1). 
b Treatment = cutting at different dates throughout the growing season. 
c Contrast testing effect of uncut versus all cut plots.  









Table 14: Non-beech species cumulative height (ft. milacre-1) for 2017, with adjusted means for the ten cut dates and uncut. Values are means ± 
1 S.E.  N=33 (N=3 for each mean).  
 Uncut 5/26/00 6/8/00 6/19/00 7/7/00 7/17/00 8/2/00 8/16/00 9/2/00 9/16/00 10/15/00 
Unadjusted a 
sugar maple   5 ± 2 11 ± 9 8 ± 3 5 ± 2 9 ± 6 24 ± 17 12 ± 11 2 ± 1 4 ± 1 1 ± 1 4 ± 3 
yellow birch  1 ± 1 1 ± 1 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 
conifer b  0 ± 0 0 ± 0 1 ± 1 0 ± 0 1 ± 1 0 ± 0 1 ± 1 1 ± 1 0 ± 0 0 ± 0 0 ± 0 
shrub c  4 ± 3 6 ± 4 5 ± 3 15 ± 8 13 ± 7 8 ± 8 16 ± 10 7 ± 4 18 ± 11 7 ± 7 15 ± 8 
other d 1 ± 1 1 ± 1 1 ± 1 1 ± 1 2 ± 1 3 ± 2 2 ± 1 1 ± 1 0 ± 0 0 ± 0 2 ± 2 
Adjusted 
sugar maple  8 ± 5 12 ± 5 13 ± 5 5 ± 5 5 ± 5 18 ± 5 11 ± 5 5 ± 5 6 ± 5 0 ± 0 3 ± 5 
yellow birch - e - - - - - - - - - - 
conifer  0 ± 0 0 ± 0 1 ± 0 0 ± 0 1 ± 0 0 ± 0 1 ± 0 1 ± 0 0 ± 0 0 ± 0 0 ± 0 
shrub  8 ± 5 10 ± 5 10 ± 5 13 ± 5 13 ± 5 3 ± 5 16 ± 5 7 ± 5 17 ± 5 8 ± 5 9 ± 5 
other  - - - - - - - - - - - 
a Unadjusted means calculated directly from plot data, adjusted means from the analysis of covariance. 
b Conifer includes=eastern hemlock, balsam fir, red spruce.  
c Shrub includes= witch hobble, elderberry, American fly honeysuckle.  
d Other includes= white ash, black cherry, striped maple, basswood, hophornbeam, red maple. 





Table 15: P-values from testing the effects of cutting on cumulative height (ft. milacre-1) of non-beech species in Adirondack sites. (N=33). 
Significant P-values (<0.10) in bold. 
Source of variation  DF sugar maple yellow birch conifer d shrub e other f 
Covariate a  1 0.0001 - g 0.002 0.0001 - 
Block  2 0.02 0.27 0.68 0.0003 0.53 
Treatment b  10 0.30 0.52 0.63 0.19 0.85 
Contrast c  
Uncut vs. Cut 
1 0.92 0.37 0.46 0.26 0.94 
a Covariate variable for sugar maple cumulative height (ft. milacre-1) was 2000 sugar maple cumulative height (ft. milacre-1), for yellow birch 
cumulative height (ft. milacre-1) it was 2000 yellow birch cumulative height (ft. milacre-1), for conifer cumulative height (ft. milacre-1) it was 
2000 conifer cumulative height (ft. milacre-1), for shrub cumulative height (ft. milacre-1) it was 2000 shrub cumulative height (ft. milacre-1), for 
other cumulative height (ft. milacre-1) it was 2000 other cumulative height (ft. milacre-1).  
b Treatment = cutting at different dates throughout the growing season. 
c Contrast testing effect of uncut versus all cut plots.  
d Conifer includes =eastern hemlock, balsam fir, red spruce.  
e shrub includes = witch hobble, elderberry, American fly honeysuckle.  
f other includes = white ash, black cherry, striped maple, basswood, hophornbeam, red maple. 
g A hyphen for covariate means that the correlation between 2000 cumulative heights and 2017 cumulative heights was <0.30, so the covariate 


































Figure 4: Adjusted mean (±S.E.) cumulative height (ft. milacre-1) of American beech and commercial species 





Herbaceous vegetation layer  
Application of understory cutting treatments at different times throughout the growing 
season appeared to have no influence on species richness and the herbaceous vegetation layer 17 
years post-cut. Species richness of 2017 on cut and uncut plots ranged from ~13 to 17 species 
(10 per m2). Further, 2017 herbaceous cover on cut and uncut plots ranged from ~ 3 to 5 % for 
forbs/graminoids, 1 to 22 % for shrub species, 9 to 22% for tree species, 5 to 8% for fern species 
(primarily due to the increased abundance of Dryopteris intermedia), 5 to 16% for American 
beech, and 1 to 10% for sugar maple (Table 16). While post-treatment (2017) shrubs percent 
cover were positively correlated with pre-treatment (2000) percent cover on the cut and uncut 
plots (shrubs p = 0.03) (Table 17), the remaining herb layer vegetation and richness did not. 
Further, covariate analysis adjusted means (Table 16) and the contrast between cut and uncut 
plots demonstrated that the 2017 species richness and percent cover were not different from pre-





Table 16:  Herbaceous layer percent cover and species richness (# species 10 m-2) for 2017, with adjusted means for the five cut dates and 
uncut. Values are means ± 1. S.E.  N=18 (N=3 for each mean). 
 Uncut 6/19/00 7/17/00 8/16/00 9/16/00 10/15/00 
Unadjusted a 
richness 14 ± 1 17 ± 1 16 ± 1 14 ± 3 14 ± 3 13 ± 5 
cover        
  forbs/graminoids 4 ± 1 4 ± 2 5 ± 2 4 ± 1 5 ± 2 3 ± 2 
  shrub 4 ± 3 22 ± 11 4 ± 4 11 ± 7 1 ± 1 3 ± 3 
  ferns 5 ± 3 6 ± 2 5 ± 2 9 ± 5 7 ± 1 8 ± 1 
  trees 15 ± 3 26 ± 7 28 ± 14 20 ± 3 13 ± 4 9 ± 2 
      American beech 11 ± 2 16 ± 6 16 ± 7 15 ± 2 11 ± 3 5 ± 1 
      sugar maple 2 ± 1 3 ± 1 10 ± 8 2 ± 1 1 ± 1 1 ± 1 
Adjusted 
richness - b - - - - - 
cover       
  forbs/graminoids - - - - - - 
  shrub 5 ± 5 16 ± 6 7 ± 5 12 ± 5 4 ± 5 2 ± 5 
  ferns - - - - - - 
  trees - - - - - - 
      American beech - - - - - - 
      sugar maple - - - - - - 
a Unadjusted means calculated directly from plot data, adjusted means from the analysis of covariance. 





Table 17: P-values from testing the effects of cutting on species richness (#species 10 m-2) and percent cover of herbaceous layer vegetation on 
Adirondack sites. (N=18). Significant P-values (<0.10) in bold.   
Source of variation  
 
DF richness forbs/graminoids shrubs trees ferns American beech sugar maple 
Covariate a  1 - d - 0.009 - - - - 
Block  2 0.04 0.13 0.009 0.23 0.38 0.14 0.71 
Treatment b  5 0.89 0.85 0.12 0.37 0.71 0.46 0.42 
Contrast c:  
Uncut vs. Cut 
1 0.57 0.91 0.39 0.61 0.49 0.73 0.62 
a Covariate variable for forbs/graminoids percent cover was 2000 forbs/graminoids percent cover, for richness it was 2000 richness, for shrub 
percent cover it was 2000 shrub percent cover, for tree percent cover it was 2000 tree percent cover, for fern percent cover it was 2000 fern 
percent cover, for American beech percent cover it was 2000 American beech percent cover, for sugar maple percent cover it was 2000 sugar 
maple percent cover.  
b Treatment = cutting at different dates throughout the growing season. 
c Contrast testing effect of uncut versus all cut plots.  
d A hyphen for covariate means that the correlation between 2000 percent cover and species richness and 2017 percent cover and species 








Light and Canopy Cover  
 The data demonstrate the 17 years after treatments there is strong evidence for increased 
canopy openness in the plots that received mechanical understory removal. On average, the cut 
plots had 13 ± 1% greater canopy openness than the uncut plots. Further, when the plots that 
were treated by chainsaw were removed from analysis, evidence for increased canopy openness 
remained (Table 18). Additionally, understory light reaching the forest floor (3 ft.) was lower in 
the uncut (5%) versus cut (7%) plots (Table 18). 
Several correlation analyses between understory light (μmol m-2 s-1) measured at the 
milacre sub-plots, and understory densities (≥ 3ft. but < 5.5 in dbh), and between understory light 
and herbaceous cover (3 ft.) were conducted to explore any possible relationships that may 
explain differences between post-treatment cut and uncut plots. Ground level light availability 
displayed a weak negative correlation with total understory densities (r = -0.14, p = 0.10), and a 
stronger negative correlation with American beech understory densities on uncut plots (r = -0.21, 
p = 0.01) and cut plots (r = -0.15, p = 0.04) (Table 19). Percent cover of forbs/graminoids (r = 
0.30, p = 0.0001), shrubs (r = 0.15, p = 0.05) ferns (r = 0.28, p = 0.0001), and species richness (r 
= 0.30, p = 0.0001) displayed a positive correlation with understory light on cut plots (Table 20). 
 Further, to investigate the consequences these beech understories may have on 
herbaceous layer cover and species richness, several correlations were run with understory (≥ 3ft. 
but < 5.5 in dbh) structural characteristics and herbaceous layer vegetation. Percent cover of 
forbs/graminoids was negatively correlated with American beech understory densities (r = -0.16, 
p = 0.03), but positively correlated with sugar maple understory densities (r = 0.30, p = 0.0001) 




uncut (r = -0.18, p = 0.04) and cut (r = -0.19, p = 0.01) plots, and with American beech 
understory densities on uncut (r = -0.22, p = 0.01) and cut plots (r = -0.25, p = 0.001). For all tree 
cover, cut plots displayed a strong positive correlation with all understory tree densities and both 
American beech and sugar maple understory densities, (all species r = 0.33, p = 0.0001; beech r 
= 0.24, p = 0.001; sugar maple r = 0.22, p = 0.003) indicating high amounts of regeneration 
following cutting compared to uncut plots (all species r = 0.19, p = 0.02; beech r = 0.16, p = 
0.07; sugar maple r = 0.04, p = 0.63). This pattern can be seen again in the correlation of 
American beech cover with all understory densities on uncut (r = 0.19, p = 0.03) and cut plots (r 
= 0.40, p = 0.0001) and American beech understory densities on uncut (r = 0.17, p = 0.05) and 
cut (r = 0.37, p = 0.001), indicating that American beech understory density (≥ 3ft. but < 5.5 in 
dbh) is influential to the cover of American beech in the herbaceous layer (≤ 3 ft.). Similarly, 
sugar maple cover shared a strong positive correlation with sugar maple understory densities on 









Table 18: 17-years post-cut canopy openness and understory light (3 ft. above the ground) of cut and uncut plots with chainsaw included and 
without chainsaw in the three Adirondack sites.  Values are means ± 1 S.E. (N=6) relative canopy openness (as percent), and relative 
photosynthestically active radiation (as percent). Significant P-values (<0.10) in bold.  
 Uncut Cut P 
Canopy Openness (%) 36 ± 2 49 ± 3 0.03 
Canopy Openness (%) 
(without chainsaw plots) 
36 ± 2 47 ± 3 0.03 
Understory percent light (%) 5 ± 1 7 ± 1 0.07 
Table 19: Correlation analysis between 2017 ground-level light (%) and understory (≥ 3ft. but < 5.5 in dbh) structural characteristics in 
Adirondack sites. Pearson correlation coefficient are listed above the P-values. Significant values are in bold (< 0.10). Uncut n=132; Cut 
n=180.    
 Total understory density 
(trees ac.-1) 
Beech understory density 
(trees ac.-1) 
Maple understory density 
(trees ac.-1) 
 Uncut Cut Uncut Cut Uncut Cut 
























Table 20: Correlation analysis between 2017 ground-level light (%) and species richness (# species 10m-2) and percent cover herbaceous 
vegetation layer (forbs/graminoids, shrubs, trees, ferns, American beech, and sugar maple) in Adirondack sites. Pearson correlation coefficient 
are listed above the P-values. Significant values are in bold (< 0.10).Uncut n=132; Cut n=180.    
Cover 
 richness forbs/graminoids shrubs ferns trees American beech sugar maple 
Uncut Cut Uncut Cut Uncut Cut Uncut Cut Uncut Cut Uncut Cut Uncut Cut 

































Table 21: Correlation between understory (≥ 3ft. but < 5.5 in dbh) structural characteristics (trees ac.-1) and herbaceous layer vegetation (ft. 
milacre-1) in Adirondack sites. Pearson correlation coefficient are listed above the P-values. Significant values are in bold (< 0.10). Uncut 
n=132; Cut n=180.    
 Understory density 
(trees ac.-1) 
Beech understory density 
(trees ac.-1) 
Maple understory density 
(trees ac.-1) 
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At the scale of the treatment plots, soil pH of both the A and B horizons displayed a 
strong positive relationship with sugar maple cumulative height (A horizon r = 0.63, p= 0.0001; 
B horizon r= 0.58, p=0.0004) (Table 22), sugar maple cover (A horizon r = 0.78, p= 0.0001; B 
horizon r= 0.77, p=0.0001) and overall species richness (A horizon r = 0.38, p= 0.03; B horizon r 
= 0.41, p=0.02) (Table 23). Additionally, CL exhibited more basic soils for both the A horizon 
(Figure 5) and B horizon (Figure 6) and this site also exhibited greater cumulative height of 
sugar maple. Sugar maple understory densities also shared a positive relationship with soil pH 
(Table 24). Similarly, the more basic soils at CL were correlated with high sugar maple densities 






Table 22: Correlation analysis with Pearson’s Correlation coefficient of 2017 cumulative height (ft. milacre-1) for American beech, sugar 
maple, yellow birch, conifer, and other with soil (A+B horizons) pH, of treatment plots grouped by cutting date within Adirondack sites. 
Pearson correlation coefficient are listed above the P-values. Significant values are in bold (P < 0.10). N=33.  
Cumulative height 
 American beech sugar maple yellow birch conifer a shrubs b other c 
























a conifer includes = balsam fir, eastern hemlock, red spruce.  
b shrub includes= American fly honeysuckle, elderberry, witch hobble.   
















Table 23: Correlation analysis with Pearson’s Correlation coefficient and p-value of 2017 species richness and percent cover (forbs/graminoids, 
shrubs, trees, ferns, American beech, and sugar maple) with soil (A+B horizons) pH, depending on cutting date within Adirondack sites.  
Pearson correlation coefficient are listed above the P-values. Significant values are in bold (P < 0.10). N=33.  
Cover 
 richness forbs/graminoids shrubs ferns trees American beech sugar maple 




























Table 24: Correlation analysis with Pearson’s Correlation coefficient of 2017 American beech and sugar maple understory (<1.0 ft. but < 5.4 in 
dbh) structural characteristics (trees ac.-1) with soil (A+B horizons) pH, within Adirondack sites. Pearson correlation coefficient are listed above 
the P-values. Significant values are in bold (< 0.10). (N=33). 
 American beech density sugar maple density 












Figure 5: Correlation analysis of mean cumulative height (ft. milacre-1) of sugar maple with A Horizon soil pH at Adirondack 








































Figure 6: Correlation analysis of mean cumulative height (ft. mileacre-1) of sugar maple with B Horizon soil pH at Adirondack 







































Figure 7: Correlation analysis of advance regeneration and sapling (< 5.5 in dbh) density (trees ac.-1) of sugar maple with B 








































Figure 8: Correlation analysis of advance regeneration and sapling (< 5.5 in dbh) density (trees ac.-1) of sugar maple with B 































B Horizon pH 
r = 0.53






Over the past century, American beech has experienced a shift in dominance from the 
overstory to the understory of northern hardwood systems and has become one of the primary 
inhibitors to regeneration of desirable hardwood species and herbaceous diversity. Decades of 
selective harvesting that failed to control mid-story and understory advance regeneration has led 
to high abundances of beech within managed stands. Further, suckering induced by Beech Bark 
Disease (BBD) compounded these effects leading to current conditions in which extensive 
understory beech sprouting has occurred, causing many varied direct and cascading ecological 
effects (Cale et al. 2017) within northern hardwood forests. Given interest by some forest 
landowners and managers in applying mechanical methods of understory beech control, this 
study sought to determine the long-term (17-year) effectiveness of cutting understory beech for 
promoting regeneration of desirable hardwood species and increasing herbaceous diversity.  
Cutting Effects by Date  
Past studies indicate that cutting most hardwood species at different times during the 
growing season will influence the degree of suckering due to large differences in stored 
carbohydrate root reserves (Harrington 1984; Taiz and Zeiger 2002). My study sought to 
determine if there was indeed an optimum time of the year to implement cutting practices, to 
control American beech regeneration. While Mallet (2002) showed July and August cuts 
produced 66% fewer stump sprouts compared to May, June, September, and October cuts after 
one year’s growth, my results (17 years later) suggest that cutting by date had no lasting effects 





Woody understory Densities  
In general, understory densities of all woody species were unaffected by the treatment 
after 17 years. While slight differences existed in 2017 densities among the cutting date plots, 
current beech densities were found to be a consequence of pre-existing densities. Raw densities 
of beech advance regeneration (< 6 ft. tall) contained 31% more stems per acre in cut plots (1766 
± 322) compared to uncut plots (1339 ± 581). However, when accounting for pre-existing beech 
densities, analysis of adjusted means revealed no evidence that overall cutting and date of cutting 
resulted in any long-term effects within this layer. Yet, while taking a closer look at densities of 
beech within the tallest height class of advance regeneration (≥ 6 ft. but < 1.0 in. dbh), cut plots 
(1344 ± 170 ac.-1) contained 4x as many stems as uncut plots (300 ± 120 ac.-1). Further, evidence 
suggests that the understory cutting had an effect on the regeneration cohort that has developed 
into the current sapling layer (1.0 -5.4 in. dbh). Within this cohort, densities of 17-year post-
treatment beech saplings in the cut plots (79 ± 45 ac.-1) were 3x lower than that of uncut plots 
(252 ±59 ac.-1). Although there was no distinguishable pattern throughout the treatment dates, 
these finding suggests that there may have been a small window of opportunity of beech control 
following the treatment at which beech density was reduced and during which regeneration of 
desirable species might have been developed to larger size classes.  
Similar results were found for sugar maple and yellow birch densities, however yellow 
birch was excluded from analysis due to its low abundance within the sites. Although slight 
differences existed in 2017 densities among the cutting date plots, current densities of sugar 
maple were also found to be related to pre-existing densities. While raw densities of sugar maple 
advance regeneration (<3 ft. tall) in cut plots had 26% greater densities (4197 ± 1727 ac.-1) than 




of adjusted means for this height class revealed no evidence that overall cutting or date of cutting 
caused any long-term effects within this layer. Further, the taller height class for sugar maple 
advance regeneration (>3 ft. but < 1 in. dbh) contained 61 ± 45 more stems acre in cut plots 
compared to that of uncut plots, which contained 0 ± 0 stems acre. However, after accounting for 
pre-existing sugar maple densities, analysis of adjusted means revealed no evidence that overall 
cutting or date of cutting resulted in any long-term effects within this layer. Evidence suggests 
that removing all understory trees (<5.5 in. dbh) provides a small opportunity for beech control, 
possibly allowing for non-beech regeneration to establish and be successful. Sugar maple 
densities which developed into the current sapling (1.0 -5.4 in. dbh) layer following 2000 
removal treatments would display the legacy effects of this occurrence. However, within this 
cohort, 17-year post-treatment densities of sugar maple saplings in uncut plots (26 ± 16 ac.-1) 
contained 2x more than that of cut plots (19 ± 8 ac.-1). By instead being selective in understory 
removal, there is potential for sugar maple to have an initial advantage that could provide the 
opportunity to maintain and dominate the newly opened space. While these differences were 
present within the raw data, adjusted means accounting for pre-existing sugar maple densities 
show that the cutting by date and the overall cutting had no significant effects on increasing or 
decreasing sugar maple densities.  
Cumulative Heights  
In an effort to account for variable heights among species in the regeneration, and thereby 
offer an estimation of future canopy conditions, I utilized ‘cumulative height’ (a height-weighted 
density estimator, ft. milacre -1) to describe dominance of component understory species (Leak 
1988; Poulson and Platt 1996; Bohn 2000).Cumulative height of American beech averaged 15 ± 




on cut plots resulted in 31 ± 3 ft. milacre-1. However, when accounting for pre-existing beech 
densities, analysis of adjusted means revealed no difference between overall treatments and 
across cutting dates. Similarly, raw cumulative heights for commercial species (sugar maple and 
yellow birch) were 5 ± 2 ft. milacre-1 on uncut plots 17-years post-treatment, while application of 
mechanical removal on cut plots yielded 8 ± 2 ft. milacre-1. Moreover, all non-beech species 
accounted for 5 ± 2 ft. milacre-1 of growth on uncut plots and 12 ± 2 ft. milacre-1 on cut plots. 
Nevertheless, after accounting for pre-existing cumulative heights of commercial species and 
other non-beech, no long-term effect of the treatment was found.  
Considerations 
My results suggest that stands having moderate to high densities of understory beech 
regeneration prior to understory cutting, and having a residual beech component in the canopy, 
will eventually revert to original conditions of, high, if not higher beech densities after 
understory treatment. These findings are consistent with past studies that have found that initial 
understory beech conditions are a good predictor of post-treatment compositions. Jones et al. 
(1989) and Bohn and Nyland (2003) noted that advance beech should be viewed as potentially 
important precursors of post-cutting beech understory development. In areas of initial moderate 
to high beech densities, Bohn and Nyland (2003) demonstrated that 10 years following partial 
canopy cutting, beech advance regeneration densities inhibited the development of other species 
and dominated the understory. While these studies followed partial overstory cutting, the results 
are applicable to understory removal in similar environments.  
Overstory composition and past management history have likely played a large role in the 




removal in these ‘aftermath’ forests. All three sites have had some form of partial cutting in the 
past, two of which (OMR and F&W) had utilized beech poorly, leaving behind higher numbers 
of damaged residual overstory beech. Past studies have indicated that there is a relationship 
between the abundance of beech regeneration and overstory stocking (Leak and Solomon 1975; 
Leak 1980; Simpson 2013 unpublished data) with higher understory densities attributed to higher 
levels of residual beech basal area (Jones et al. 1989). In 2017, beech accounted for nearly 50% 
of the overstory basal area. It has been shown that multiple root suckers can arise in close 
proximity to each other off a single root, clustered around a parent tree following a wound (i.e. 
freeze-thaw action and scraping from harvesting activities) (Houston 1975; Houston and 
Houston 1987; Nyland et al. 2006b; Farrar and Ostrosky 2006). Further, Jones and Raynal 
(1986) documented that most sprouts form in a circular pattern mostly within 25 to 30 ft. from 
the parent tree, with numbers exponentially declining past 35 ft. As a result, areas with very high 
levels of advance beech regeneration will most likely be near existing trees and would also be 
prone to further sucker development (Bohn and Nyland 2003). Consequently, it can be expected 
that any form of mechanical understory removal without re-treatment or removal of the overstory 
will likely result in redevelopment of beech. The 2017 data corroborated the idea that when the 
overstory is retained, root suckers become the primary tree of the understory. For example, 
stump sprouts and seedlings made up 15% of total beech stems on cut plots and 18% on uncut 
plots, while root suckers made up 77% of total beech stems (<1 in. dbh) on both cut and uncut 
plots. These data indicate that, while understory cutting may have reduced beech densities in the 
current sapling cohort, new cohorts of root suckers have continued to establish and be supported 
by overstory trees so that overall, mechanical removal has had no long-term effect on controlling 




Due to the pre-existing distribution of beech at these sites, the understory cutting that was 
done in 2000 resulted in minimal effects on 2017 densities and cumulative heights. While in 
some areas beech densities surpass pre-cut densities, overall beech abundance remained 
consistent over the 17 years. The minimal changes we documented in this study suggest that 
mechanical understory removal did not alter site conditions (soil and light) enough to induce a 
response from other non-beech species. This was consistent with Forrester and Bohn (2007) who 
saw no significant changes in cover of less shade-tolerant species cover (white ash and yellow 
birch), while cover for American beech and sugar maple increased over 3 years by nearly 50% 
on the cut plots compared to uncut plots. Further, their multivariate analysis indicated that while 
shifts in ground-layer composition occurred over the three years, the relative importance of 
shade-tolerant woody species increased. Nevertheless, other research suggests that light 
mechanical disturbance is required to maintain the structural heterogeneity of the forest floor, 
and thereby create more that sustain greater vascular plant species richness (Roberts and Gilliam 
1995; Haeussler et al. 2002; Newmaster et al. 2007). However, others have shown that light 
mechanical disturbance favors existing species (Haplern 1988; Haeussler et al. 2002), in our case 
extreme shade-tolerant species (i.e. beech).   
Based on these studies and past studies done on Huntington Forests, understory cutting 
may increase light for only a short period of time, but the homogenous effects across the site 
eventually benefit beech over the long-term. The modest changes reported by Forrester and Bohn 
(2007), along with the negligible changes observed this study suggest that mechanical understory 
removal only moderately altered conditions in both soil and light quality. In order to establish a 
more diverse cohort of desirable advance regeneration, overstory removal with a high level of 




and Rushmore 1958; Tierson 1967). Not only will this reduce possible venues for suckers to 
develop, but it will also open the main canopy, which would be more likely to promote 
development of shade-intermediate and shade-intolerant species.  
White-tailed deer (Odocoileus virginanus) populations may have also had a heavy 
influence on the overall understory composition following treatment. Due to the unpalatability of 
American beech (Sage et al. 2003), deer may have fed heavily on desirable seedlings such as 
sugar maple, yellow birch, red maple, white ash, and black cherry (Richards and Farnsworth 
1971). Marquis (1981) found species composition and number of stems >5 ft. to be significantly 
impacted by high deer herbivory in unfenced areas. Beech and striped maple were the only 
species to increase outside fenced areas, showing the effects of preferential browsing. In our sites 
deer browse was observed and may have contributed to the failure of sugar maple and yellow 
birch regeneration following the treatment. Past studies indicate that the herbivory patterns of 
deer can result in the overall decrease in abundance and height of non-beech regeneration and 
contributes to a buildup of understory beech in some regions (Tierson et al. 1967; Richards and 
Farnsworth 1971; Marquis and Brenneman 1981; Tilghman 1989; Horsley et al. 2003).  
Past severe weather conditions may also have influenced the success of non-beech 
regeneration during the course of this study. Huntington Forest experienced prolonged hot and 
dry weather during summer of 2005. Data from 2006 (1 year post drought) demonstrate that 
sugar maple densities (<3 ft.) on average declined by ~25% from 2000 to 2006 on uncut plots, 
however on cut plots sugar maple densities increased considerably during that time. Specifically, 
from 2000 to 2006, mean sugar maple densities increased by ~55% for stems < 1 ft. tall and by 
~25% for stems 1.1-3.0 ft. tall. Nevertheless, the greater sugar maple densities (<3 ft. tall) 




In 2006, American beech densities (<3 ft. tall) were found to increase in both cut and 
uncut plots, with cut plots displaying considerably higher densities. Cut plots displayed on 
average a 9-fold increase in the < 1 ft. tall class and a 6-fold increase in the 1.1-3.0 ft. tall class. 
Furthermore, cut plots contained higher abundances of seedlings (9,079 ± 2,143 trees ac.-1) 
compared to uncut plots (3,977 ± 1,214 trees ac.-1), however cut plots also contained greater 
densities of root suckers (6,229 ± 1,251 trees ac.-1) compared to uncut plots (2,126 ± 463 trees 
ac.-1). Over the 11 years since these findings, root suckers densities continued to increase on cut 
plots (2,823 ± 515 trees ac.-1) while seedlings declined (871 ± 222 trees ac.-1 ).This trend was 
also present within advance beech regeneration on uncut plots with suckers (2,687 ± 533 trees 
ac.-1) outcompeting seedlings (695 ± 190 trees ac.-1). It is unclear whether the drought, the 
cutting, or interaction of both resulted in establishment of beech and sugar maple seedlings, but it 
is clear that over the 17 years beech root suckers have become the dominant form of regeneration 
in both cut and uncut plots.  
Data from 2008 corroborates these finding of increased numbers of sugar maple stems <3 
ft. tall, and increased numbers of beech root suckers over 3 ft. tall (Simpson 2013, unpublished 
data). The effects of this event can still be seen in raw 2017 data within the larger advance sugar 
maple (>6 ft. tall but <1 in. dbh) and sapling (1.0-5.4 in. dbh) densities. In general, raw sugar 
maple densities were found to have decreased 87% in both cut and uncut plots over the 17-year 
period. However, after accounting for pre-existing densities of these height classes with analysis 
of adjusted means, no effect of treatment was found. Conversely, while American beech saplings 
(1.0-5.4 in. dbh) were found to decrease over the 17 years, densities of advance beech 
regeneration (≥ 6 ft. but < 1.0 in. dbh) were 5-fold greater in cut plots than areas that were left 




vegetative reproduction is more common than sexual reproduction in severe environments (Held 
1983). Northern hardwood forests experience various climatic conditions. In these environments, 
there is a greater possibility of freeze-thaw activity in the early spring, and also, the dieback of 
young seedlings due to late spring frosts (Held 1983).  
Herbaceous Vegetation Layer Percent Cover  
Mechanical understory removal, and removal by date had no long-term effect on 
herbaceous layer (vascular plants <3 ft. tall species richness. Overall, species richness following 
the 17 year period averaged 15 ± 1 per 10 m2 compared in cut plots and 14 ± 1 per 10 m2 in uncut 
plots. After accounting for pre-existing species richness in 2000, analysis of adjusted means 
revealed no effects of cutting dates or overall treatment. Similarly, mechanical site preparation 
generally showed no effect on understory plant cover. While there were differences in sampling 
periods between 2000 and 2017, species richness and cover were not significantly affected. The 
few late summer species (Oclemena acuminata) that appeared in 2000 and the ephemerals 
(Erythronium americanum, Dicentra canadensis) that appeared in 2017, had no influence on the 
overall outcome of the analysis.  
The raw cover of forbs/graminoids, ferns, shrubs, and trees all displayed no long-term 
effect of treatment. Forbs/graminoids remained unchanged 17 years post-treatment on cut (4 ± 1 
%) and uncut (4 ± 1%) plots; ferns contained 40% more cover in cut (7 ± 1%) compared to uncut 
plots (5 ± 3%), primarily due to the increased abundance of Dryopteris intermedia; shrub doubled 
from 4 ± 3% on uncut plots to 8 ± 3% on cut plots; and trees contained 26% more cover in cut 
plots (19 ± 3%) compared to uncut plots (15 ± 3%) of which American beech and sugar maple 




plots, while sugar maple contained 50% in cut plots (3 ± 2) to that of uncut plot (2 ± 1). 
Although an increase in cover was observed within plot data, after accounting for pre-existing 
cover, no significant effect was found throughout the cutting dates and the overall treatment. 
Data from this study indicate that dense beech thickets negatively impact vascular species 
richness in the herbaceous layer. American beech advance regeneration and beech sapling 
densities (≥ 3ft. but < 5.5 in. dbh) were negatively correlated with forbs/graminoids (r = -0.16, p 
= 0.03), and fern species (r = -0.18, p = 0.04) richness on cut plots, likely due to the heavy 
shading of the dense beech sub-canopy. This finding is consistent with other studies showing 
reduced species diversity in thicketed areas (Royo and Carson 2006; Cale et al. 2013, 2017; 
Garnas et al. 2011; Giencke et al. 2014). While many shade-tolerant herbs vary in photosynthetic 
acclimation (Chazdon and Pearcy 1991; Rothstein and Zak 2001), excessive and prolonged 
shading can cause several negative effects on nutrient allocation, growth rates and sexual 
reproduction (Dale and Causton 1992). 
Mechanical understory removal effects on understory light 
The data demonstrate that 17 years after mechanical understory removal, it was still 
possible to detect an increase ~ 35% in canopy openness in cut plots (49 ± 3 %) compared to 
uncut plots (36 ± 2 %). While chainsaw removal occurred within six of the treatment plots 
(cutting trees > 5.5 in dbh), the difference in openness was negligible (4%). While there may 
have been an effect on canopy openness directly after the cuts, no data are available from 2001 to 
examine this. Nevertheless, three years after the cutting, Forrester and Bohn (2007) reported no 
effect of the timing of the cutting treatment on cover or species diversity of the ground-layer 




conclude that there were no appreciable differences between plots that received chainsaw 
removal and the plots that did not.  
While significant changes were present within the canopy, a dense sub-canopy of 
American beech had formed. Dense sub-canopies that form under closed canopies have been 
found to reduce photosynthetically active radiation (PAR) well below 5% under full sun (Kelly 
and Canham 1992; Horsley 1993; Aubin et al. 2000; Lei et al. 2002; Royo and Carson 2006). 
Further, these dense sub-canopies can alter light quality, thereby altering germination, 
development, and reproduction rates (Messier et al. 1989; Dale and Causton 1992; Horsley 
1993a). While correlation analysis demonstrated a negative relationship between light and 
understory beech densities in cut and uncut plots, it was still possible to detect ~40% higher light 
levels at the ground (3 ft. above the ground) of cut plots (7 ± 1%) compared to uncut plots (5 ± 
1%). Further, these data suggest that understory light levels have a positive effect on overall 
species richness, and cover of forbs/graminoids, shrubs, ferns and sugar maple at the scale of the 
treatment plots. That is, although this study detected no changes in species richness, herbaceous 
cover and densities of intolerant/intermediate woody species across treatments, at the scale of the 
milacre observations, these positive relationships were detected. However, for shade-
intolerant/intermediate species, these small percentages of unpredictable patches of ambient light 
and sunflecks may not be enough to survive, while more shade-tolerant species (i.e. beech) can 
respond to even the slightest increase in understory light levels (Poulson and Platt 1996; Canham 







There may be many reasons why shade-intolerant/intermediate woody and herbaceous 
species did not increase within the understory 17 years following mechanical understory 
removal. Over the last century, northern hardwood forests have been experiencing shifts in 
species composition, including declines in diversity (Willis et al. 2015). Changes in shade-
intolerant/intermediate woody and herbaceous species have largely decreased in northeastern 
forests, partly due to historical management regimes of low intensity selective cuts (Seymour 
1995; Bose et al. 2016) favoring regeneration of shade tolerant species (Bose et al., 2016), and 
the arrival of beech bark disease disproportionally increasing American beech regeneration by 
stimulating root sucker development (Wagner et al. 2010).  
Shade-intermediate/intolerant species require large gaps of approximately 200-1000 m2 in 
order to grow into canopy position (Webster and Lorimer 2005). For shade-intermediate and 
intolerant species, moderate releases likely indicate the death of a main competitor, whereas 
major releases indicate the loss of several competitors, or complete release from high shade 
(Webster and Jensen 2007). In contrast, shade-tolerant species like beech, employ a “sit and 
wait” strategy within the understory and respond vigorously to even the smallest overhead or 
adjacent gap (Canham 1988, 1990). Further, American beech have the advantage of vegetative 
reproduction. Jones and Raynal (1988) found that the vegetative root connection can lasts for 
many years, which may allow suckers to grow rapidly once released. Although the understory 
removal treatment increased overall openness by 35% within the canopy, it proved to be 




Nevertheless, recent studies suggest that simply creating openings representative of the 
natural range documented for northern hardwood forests may not be sufficient for increasing the 
diversity of tree species (Bolton and D’Amato 2011). That study demonstrated that openings in 
the canopy were not the only factor required to provide opportunities for particular woody 
species. Species like yellow birch and eastern hemlock also required microhabitats, such as 
coarse woody debris or exposed mineral soil in forested stands. These small-seeded species 
require safe sites to germinant and establish. Caspersen and Saprunoff (2005) demonstrated that 
establishment limitations were the primary cause of recruitment failure among these species, 
including sugar maple. Further, Willis et al. (2015) showed that germinants of these species were 
overwhelmingly more abundant in scarified compared to unscarified subplots, demonstrating the 
strong influence of bare mineral soil/humus on seedling layer composition. Where management 
objectives include establishing advance seedlings of yellow birch, the methods of management 
may require a combination of efforts to increase light significantly through appropriate 
silvicultural techniques in conjunction with scarification to the forest floor.   
 
While my data suggest that a slight increase in light at the forest floor remains 17 years 
after mechanical understory removal, past studies indicate that light may not be the only limiting 
factor involved in non-beech recruitment. Hane (2003) demonstrated that while shading is the 
mechanism of interference determining sugar maple seedling survival, the mere presence of 
beech in the plot appeared to have a negative effect, suggesting that beech may be affecting 
belowground processes. Greenhouse trials done by Hane et al. (2003) suggested that these 
negative effects could either be the result of competition for below ground resources, or 
phytotoxic effects from beech litter leachate. Consistent with this, Konova (1966) demonstrated 




whose litter is recalcitrant to decomposition processes (i.e. American beech). The slow 
decomposition rates cause an accumulation of leaf litter that further amplifies the process of soil 
acidification by these organic acids. Further, Lovett and Rueth (1999) found that low quality leaf 
litter (i.e. beech) is expected to decompose less rapidly thereby causing slower rates of nitrogen 
mineralization and nitrification, thus, leading to nitrogen limitations.  
Another possible reason beech thickets have reduced overall species richness on the 
forest floor is the high local input of beech leaf litter. The long-lasting lifespan of beech leaves 
on the forest floor may contribute to the development of a deep, persistent litter layer. American 
beech leaves contain large amounts of lignin and have been shown to decompose much slower 
than sugar maple, red maple, white ash, pin cherry and paper birch (Melillo et al., 1982). Sydes 
and Grime (1981) discovered that total shoot biomass of ground flora displays a negative 
relationship with weight of leaf litter, resulting in negative changes in species composition and 
regeneration of ground flora. Due to the dense buildup of undecomposed beech leaves on the 
forest floor, small-seeded species lack the ability for radicles to penetrate deep litter layers and 
reach soil resources in the forest floor.  
Soil characteristics may also play a large role in overall species composition and 
regeneration seen throughout Huntington Forest. Our data suggest that there was pre-existing 
variation between sites, resulting in differences in vegetation regardless of past treatments. Past 
research also suggests that subtle differences in soil chemistry can lead to patterns of spatial 
distributions of species through variation in the availability of mineral nutrients (such as Ca, Mg) 
on the growth and survival of tree (Kobe et al., 1995; Kobe 1996; Van Breemen et al., 1997) and 
herbaceous species. Kobe et al., (1995) and Kobe (1996) found that under deep shade (less than 




calcareous compared to calcareous soils, suggesting an important role for Ca nutrition in the 
survival and growth of these species. The Catlin Lake site contained the most diverse 
composition of rich indicator herbaceous species (i.e. rattlesnake fern, white baneberry, maiden 
hair fern, sweet cicely) and the largest densities of sugar maple within portions of the site 
(Appendix B). Correlation analysis demonstrated higher densities of sugar maple with more 
basic soils of the A and B horizons, signifying the role that higher Ca may have on sugar maple 
in these areas.  
Management Implications 
In northern hardwood forests where beech is abundant in all size classes, any form of 
cutting without proper planning can result in significant development of advance regeneration of 
beech (Kelty and Nyland 1981; Hannah 1987; Smallidge and Nyland 2009). Such cutting 
treatments include high grading, partial cutting, and complete overstory removal in areas with 
high advance beech regeneration in the understory and any type of cutting in areas with high deer 
densities (Curtis and Rushmore 1958; Kelty and Nyland 1981; Jones et al. 1989; Nyland et al. 
2006b). When herbicide application is not an option, mechanical methods can be used. For small 
beech stems less than 500 per acre, mechanical treatment by brush saw or simple girdling 
(Nyland 2004) may succeed in some situations. For large acreages where understory beech is a 
problem for regeneration of desirable species, Nyland et al. (2006b) suggest the use of a feller 
buncher to eliminate understory beech advance regeneration in conjunction with overstory beech 
removal during harvesting. 
 There are many variables that need to be checked before any sort of understory treatment 
is done. First, overstory composition should be evaluated. In areas with high basal area of beech, 




2003). Further, due to the extreme shade tolerance, and ability to rapidly grow following slight 
canopy release, any minimal increase in understory light will likely be short lived and eventually 
benefit beech regeneration (Canham 1988, 1990) without being sufficient to promote growth of 
less shade-tolerant species. Secondly, no form of understory or overstory cutting should be done 
without subsequent re-treatment, especially in heavily impacted aftermath forests with high 
beech advance regeneration (to eliminate root sucker support). Thirdly, soil characteristics such 
as soil moisture and pH should be known in order predict and facilitate desired species 
regeneration and stocking. By understanding the soil chemistry, landowners and conservation 
organizations can manipulate stand characteristics to benefit the long-term species composition 
following treatment. Lastly, deer populations should be known, and if densities are greater than 
5.2 km-² (Behrend and Patric 1969; Sage et al. 2003) control, either through hunting or fencing, 
is required (Curtis and Rushmore 1958; Kelty and Nyland 1981).  
Overall, to prevent the domination of American beech within a stand, selecting the best 
method depends on both the management goals, and the scale of the area needing treatment, 
including the size class structure of beech, and the abundance of desirable species in seedling and 
seed-bearing classes (Nyland et al. 2006b; Smallidge and Nyland 2009). When management 
goals seek establishment of advance regeneration of desirable species, a combination of 
measures should be taken to remove beech from the overstory and mid-story, control deer, and 
conduct understory site preparation to eliminate understory beech and other interfering species 
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Figure A1: Catlin Lake plot array located in Huntington Wildlife Forest, Newcomb, NY with 











Figure A2: Old Military Road plot array located in Huntington Wildlife Forest, Newcomb, 
NY with plot number, treatment, and cutting date. (*) indicates chainsaw removal of trees ≥ 









Figure A3: F&W plot array located south of Huntington Wildlife Forest, 
Newcomb, NY with plot number, treatment, and cutting date. (*) indicates 








Table A1: Treatment date grouped into cut groups. (*) Indicates chainsaw removal.  
Cutting Date Cut Group 
Control Control 
5/26/2000 Cut1 














































Table B1: 2017 calculated heights for 1 in. dbh trees using published allometric equations.  
Species Calculated height (ft.) 
American beech 13.4 
sugar maple 14.9 
striped maple 15.0 
yellow birch              17.2 
hophornbeam              16.3 





































Table B2: Weighting factor (midpoint of height class) for converting stem density to cumulative 
height.  
Height class (ft.) Midpoint (ft.) 
< 1.0 ft .5 
1.0 - 2.9 ft. 2 
3.0 – 5.9 ft. 4.5 
6.0 - 15 ft.  10.5 

















Table B3: Species grouping for woody regeneration cumulative height. Species nomenclature 
follows New York Flora atlas. 
Species Common name Species group 
Fagus grandifolia American beech American beech 
Acer saccharum sugar maple sugar maple 

































red elderberry  





































Table C1: Species list of the three Adirondack sites: Catlin lake (CL), Old Military Road (OMR) and 
F&W, (+) indicates presence. Species nomenclature follows New York Flora atlas.  
Species  Common name CL OMR F&W 
Trees      
Fagus grandifolia  American beech + + + 
Acer saccharum  sugar maple + + + 
Betula alleghaniensis  yellow birch + + + 
Acer pensylvanicum  striped maple + + + 
Fraxinus americana white ash  + + 
Acer rubrum red maple + +  
Ostrya virginiana  hophornbeam + + + 
Tsuga canadensis eastern hemlock + + + 
Tilia americana  American basswood +   
Abies balsamea  balsam fir + + + 
Prunus serotina  black cherry + + + 
Picea rubens  red spruce + + + 
Betula papyrifera  paper birch +   
Pinus strobus  white pine +   
Shrubs     
Viburnum latanoides  hobblebush + + + 
Sambucus racemosa  red elderberry + + + 
Alnus incana  speckled alder +   
Lonicera canadensis  American fly-honeysuckle + + + 
Taxus canadensis  Canada yew +   
Ferns     
Dennstaedtia punctilobula  hay-scented fern + + + 
Thelypteris noveboracensis New York fern + + + 
Osmunda claytoniana  interrupted fern  +  
Osmunda regalis  royal fern   + + 
Athyrium angustum  lady fern + + + 
Gymnocarpium dryopteris  oak fern +   
Onoclea sensibilis  sensitive fern  + + 
Polystichum acrostichoides  Christmas fern  +  
Phegopteris connectilis narrow beech fern + + + 





Dryopteris intermedia  wood fern + + + 
Polypodium virginianum rock polypody +   
Adiantum pedatum maidenhair fern +   
Forbs/graminoids      
Carex spp  sedge + + + 
Tiarella cordifolia  foam-flower  + + + 
Mitchella repens partridge berry + +  
Trillium undulatum painted trillium  +   
Trillium erectum  red trillium  + + + 
Poaceae spp.  grass  + + + 
Maianthemum canadense  Canada mayflower + + + 
Maianthemum racemosum false Solomon’s seal  +  + 
Galium obtusum blunt-leaved bedstraw + +  
Polygonatum pubescens hairy Solomon’s seal  + + + 
Lysimachia borealis starflower  + +  
Coptis trifolia goldthread     
Arisaema triphyllum Jack-in-the-pulpit  + + + 
Streptopus amplexifolius clasping-leaved twisted stalk  + + 
Lycopodium annotinum stiff club moss  + +  
Huperzia lucidula  glossy club moss + + + 
Actaea pachypoda white bane-berry  + +  
Rubus flagellaris northern dewberry  + + + 
Rubus hispidus swamp dewberry  + +  
Rubus spp. raspberries   + + 
Ribes lacustre black currant  + +  
Aralia nudicaulis  wild sarsaparilla  + +  
Dicentra canadensis squirrel corn    + 
Oclemena acuminata whorled wood aster   + + 
Oxalis stricta yellow wood sorrel  +  + 
Erythronium americanum yellow trout lily  + + + 
Viola rotundifolia  round leaf violet   + + 
Viola septentrionalis  northern violet  + +  
Viola spp. violets  + + + 






Osmorhiza longistylis sweet cicely  +   
Pyrola americana  sweet American wintergreen  +   
Monotropa uniflora indian pipe  +  + 
Laportea canadensis wood nettle  +   
Veronica officinalis common speedwell  +   
Clinopodium vulgare wild basil     
Epipactis helleborine helleborine orchid  + + + 
Diphasiastrum digitatum running cedar     
Medeola virginiana  indian cucumber root  + +  
Prenanthes alba white lettuce  + +  
Ranunculus recurvatus hooked crowfoot  + + 
Lycopodium obscurum princes pine   +  
Uvularia sessilifolia sessile-leaved bellwort   +  
Panax trifolius dwarf ginsing    + 
Platanthera clavellata Little club spur orchid   + + 
Cypripedium acaule pink lady’s slipper +   
Epifagus virginiana beechdrop  + + + 
Corallorhiza maculata late spotted coral root   +  








































SAS 9.4 PROC GLM Covariate Analysis for cumulative height of woody regeneration and contrast comparing cut 
versus uncut plots.  
 
proc corr data;  
var Cumulativeheight2017 Cumulativeheight2000; 
 
proc glm data=three;  
class Site Treatment ;  
model Cumht2017= Cumht2000 Site Treatment;  
means Treatment/bon alpha=0.15;  
lsmeans Treatment/stderr pdiff;  
contrast 'Main Effect' Treatment 1 -.1 -.1 -.1 -.1 -.1 -.1 -.1 -.1 -.1 -.1 




SAS 9.4 PROC GLM Covariate Analysis for percent cover and contrast comparing cut versus uncut plots.  
 
proc corr data;  
var Percentcover17 percentcover00; 
proc glm data=three;  
class Site Treatment ;  
model Ba17= Ba00 Site Treatment;  
means Treatment/bon alpha=0.15;  
lsmeans Treatment/stderr pdiff;  









































Milacre Tree Regeneration:  Date__________2017  CL 220_____ OMR_____   FP______  Treatment plot 
#_________ 
From Milacre:   1,3,5,6,8,10               (Numbers on Milacre)  
 
 
Species  Germinates  <1 ft  1-3 ft  3-6 ft  >6 ft – 1in  DBH ≥ 1 in  
       
       
       
       
       
       
       
 
6-ft Radius Regeneration Plots:   Date__________ 2017        CL 220___ OMR____   FP____  
Treatment Plot #________  
From Milacre: 1,3,5,6,8,10                           (Number on Milacre)  
 
 








4.51-5.50” DBH  
      
      
      








Herb inventory Data Sheet:   Date______________2017     CL 220____   OMR_____    FP_____     
Treatment plot #______   
Cover Class:        1: <1%         2: 1-5%        3: 6-10%          4:11-25%         5: 26-50%           6: 51-75%         
7: 76-90%        8: >90% 
 
Milacre 1     Milacre 2     
Species  Percent  Species  Percent  Species Percent  Species Percent  
        
        
        
        
        
        
Milacre 3     Milacre 4    
Species Percent  Species Percent  Species Percent  Species Percent  
        
        
        
        
        
        
Milacre 5    Milacre 6    
Species Percent  Species Percent  Species Percent  Species Percent  
        
        
        
        
        
        
Milacre 7    Milacre 8    
Species Percent  Species Percent  Species Percent  Species Percent  
        
        
        
        
        
        
Milacre 9    Milacre 10    
Species Percent  Species Percent  Species Percent  Species Percent  
        
        
        
        
        








Milacre 1  Milacre 2  Milacre 3  Milacre 4   
LR 1  LR2  LR 1   LR 2  LR 1  LR2  LR 1  LR2  
        
        
Milacre 5  Milacre 6  Milacre 7  Milacre 8    
LR 1  LR2  LR 1   LR 2  LR 1  LR2  LR 1  LR2  
        
        
Milacre 9  Milacre 10  
LR 1  LR2  LR 1   LR 2  
    
    
    
    
 
 
Herbaceous Light Reading Data Sheet:  Date_________2017 CL 220_____ OMR______  































Inventory  Plots:   Date__________ 2017        CL 220___ OMR____   FP____      Treatment Plot 
#________  
 
Species         DBH ≥ 5.5” 












EH   
 
 
HHB   
 
 
STM   
 
 
BLC   
 
 




















Organic layer depth:   Date:_____  CL220___  OMR___  FP____   Treatment Plot 
#_______  
 
    A      B 
M1/10   
M3/8   
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